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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
Length

inch (in.)
foot (ft)

mile (mi)

25.4
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1.609

millimeter
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Area

f\
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million gallons (Mgal)
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datum derived from a general adjustment of the first-order level nets 

of both the United States and Canada, formerly called Sea Level 

Datum of 1929.
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OFFICE OF THE DELAWARE RIVER MASTER
United States Geological Survey 

433 National Center, Reston, Virginia 20192

January 5,2000

The Honorable
William H. Rehnquist
Chief Justice of the United States

The Honorable 
Thomas R. Carper 
Governor of Delaware

The Honorable 
Christine Todd Whitman 
Governor of New Jersey

The Honorable 
George E. Pataki 
Governor of New York

The Honorable 
Thomas J. Ridge 
Governor of Pennsylvania

The Honorable
Rudolph W. Giuliani
Mayor of the City of New York

New Jersey v. New York et al 
No. 5 Original, October Term 1950

Dear Sirs and Madam:

For the record and in compliance with the provisions of the Amended Decree of the 
Supreme Court of the United States entered June 7, 1954,1 am transmitting herewith the forty- 
fourth Annual Report of the River Master of the Delaware River for the year December 1,1996 to 
November 30,1997.



Monthly precipitation in the upper Delaware River Basin during the 1997 River Master 
report year ranged from 51 percent of the long-term average during June 1997 to 204 percent dur 
ing December 1996. Total precipitation during the report year was 3.63 inches less than the long- 
term average. Precipitation during the December to May period, when reservoirs typically refill, 
was 105 percent of the 56-year average, 0.93 inches more than the long-term average.

On December 1, 1996, when this report year began, combined storage in the New York 
City reservoirs in the upper Delaware River Basin was 268.431 billion gallons (Bgal), 99.1 per 
cent of the combined storage capacity. Median combined storage on December 1, based on 29 
years of data, is 166.770 Bgal. Operations on December 1, 1996 were being conducted as pre 
scribed in the Decree. Combined storage in the New York City reservoirs reached a maximum of 
281.326 Bgal, 103.9 percent of capacity, on December 3, 1996, when Pepacton Reservoir and 
Cannonsville Reservoir were spilling.

Precipitation during the first half of the report year was below normal during all months 
except December and March but storage remained above normal until May 1,1997. Storage in the 
reservoirs was in fact so high because of runoff from precipitation during the fall of 1996, that the 
Parties to the Decree agreed on January 22, 1997, to allow limited releases from Pepacton Reser 
voir to reduce storage and provide some additional flood protection. That agreement and the sub 
sequent releases are described in more detail in section II of this report.

Combined storage was near the median throughout May and was below the median from 
mid-June until the end of the report year. Except for August, precipitation continued to be less 
than the long-term average through October, with the precipitation deficit for the report year accu 
mulating to 4.37 inches by October 31, 1997.

The Delaware River Master Advisory Committee met at Liberty, New York on May 12, 
1997, to discuss hydrologic conditions in the basin and operational procedures for the 1997 
release season. The River Master informed the committee that, on the basis of information pro 
vided by New York City, the excess-release quantity to be released beginning June 15 was 7.381 
Bgal. He stated that, based on the formula contained in the Decree, this water would be released at 
rates designed to maintain the flow of the Delaware River at Montague, N.J. at 100 cubic feet per
second (ft3/s) above the normal flow objective of 1,750 fP/s beginning June 15,1997. The Parties 
to the Decree agreed that the excess-release quantity should be released as prescribed by the 
Decree.

Combined storage in the New York City Delaware River Basin Reservoirs declined at 
above normal rates throughout the summer in response to below normal precipitation and above 
normal releases to meet the Montague target. On August 6, 1997, the Parties to the Decree, the 
Delaware River Basin Commission, and the Delaware River Master agreed to suspend the release 
of the remaining excess-release quantity in an effort to prevent, or at least delay, a drought warn 
ing in the basin. In spite of this action, storage continued to decline and reached the drought-warn 
ing level of the operating curves on October 22, 1997. Operations were reduced to those 
prescribed in the "Interstate Water Management Recommendation of the Parties to the Decree", 
(DRBC Resolution 83-13) in response to drought warning on October 27, 1997. Combined stor-



age continued to decline and reached the low point for the year on November 1, 1997. Details of 
the operations are described in section II of this report.

On October 22, the Parties to the Decree, the Delaware River Basin Commission, and the 
River Master, agreed to a request by New York State for an "Emergency Fisheries Protection Pro 
gram" authorizing up to a maximum aggregate quantity of 3,000 cubic foot per second days
[(ft^/s^d] of water for special releases to protect the cold water fishery during the drought-warn 
ing period. On November 18, the agreement was modified to provide additional protection to the 
fishery. A copy of those agreements are attached to this report as Appendixes B and C, and the 
program is described in detail in Section II of this report.

During November, hydrologic conditions and combined storage in the basin began 
improving in response to increased precipitation. Combined storage increased to the normal zone 
of the operation curves on November 28, 1997, but operations continued at drought-warning lev 
els until the end of the report year.

On November 30, 1997, the end of this report year, the combined storage in the New York 
City reservoirs was 111.448 Bgal, 41.1 percent of capacity, and operations in the basin were being 
conducted as prescribed in the "Interstate Water Management Recommendation of the Parties to 
the Decree" (DRBC Resolution 83-13).

During the report year, the River Master and staff participated in meetings of the Delaware 
River Basin Commission to assess water-supply conditions. Upon invitation of the representatives 
of the Parties to the Decree, the Deputy Delaware River Master met periodically with those repre 
sentatives as a member of the Flow Management Technical Advisory Committee. Discussions 
primarily centered on proposals for the management of releases from reservoirs in the basin and 
other measures designed to cope with streamflow deficiencies whenever they occur.

The U.S. Geological Survey continued the operation of its field office of the Delaware 
River Master at Milford, Pennsylvania. William E. Harkness, Deputy Delaware River Master, 
continued in charge of the office, assisted by Bruce E. Krejmas and Joanne Koch. Colleen Bosh- 
man joined the staff of the Milford office in January 1997, replacing Joanne Koch.

During the report year, the Milford office continued the weekly distribution of summary 
river data. These weekly reports contained preliminary data on releases from the New York City 
reservoirs to the Delaware River, diversions to the New York City water-supply system, reservoir 
contents, daily segregation of flow of the Delaware River at Montague gaging station, and diver 
sions by New Jersey. The reports were made available to the Delaware River Master Advisory 
Committee and to other parties interested in the Delaware River operations. A special monthly 
summary of past hydrologic conditions, supplemented by an "outlook" of the river flow for the 
forthcoming month, was made available to the representatives on the Advisory Committee.

Section II of this report describes in detail Delaware River operations during the report 
year. During the report year, ending November 30, 1997, the City of New York diverted a total of 
247.976 Bgal from the basin and released 104.203 Bgal from Pepacton, Cannonsville, andNever- 
sink Reservoirs to the Delaware River. The River Master directed releases to the Delaware River 
from these reservoirs totaling 81.952 Bgal.



Section III of this report describes water quality at various sites in the Delaware River 
Estuary. It was prepared by Andrew G. Reif and Hugh Darling, U.S. Geological Survey, Malvern, 
Pennsylvania, and contains data showing the extent of salinity encroachment and other water- 
quality characteristics in the estuary.

During the report year, the following individuals served as members of the River Master 
Advisory Committee:

Delaware Dr. Robert R. Jordan

New Jersey Robert C. Shinn, Jr.

New York N.G. Kaul

New York City Joel A. Miele, Sr.

Pennsylvania Irene B. Brooks

Throughout the year, diversions to supply water to New York City and releases designed 
to maintain the flow of the Delaware River at Montague were made as directed by the River Mas 
ter. Diversions by New York City from the Delaware River basin reservoirs did not exceed the 
limit specified by the Decree or the limits in the "Interstate Water Management Recommendations 
of the Parties to the Decree" (DRBC Resolution 83-13).

The appreciation of the River Master and staff is expressed for the continued excellent 
cooperation of all the representatives of the Parties to the Decree. Also, appreciation is extended 
to the Pennsylvania Power & Light Company and the Orange and Rockland Utilities, Inc. for 
keeping us informed of their plans for power generation and resulting releases.

A draft of this report was furnished to the River Master Advisory Committee members for 
comment.

Sincerely yours,

i
William J. Qarswell, Jr., Ph.D. 
Delaware River Master
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Section II

REPORT OF DELAWARE RIVER OPERATIONS

by William E. Harkness and Bruce E. Krejmas

ABSTRACT

A Decree of the Supreme Court of the United States in 1954 established the position of 
Delaware River Master. The Decree authorizes diversions of water from the Delaware River 
Basin (fig. 1) and requires compensating releases from certain New York City owned reservoirs to 
be made under the supervision and direction of the River Master. Reports to the Court, not less 
frequently than annually, were stipulated.

During the 1997 report year, December 1, 1996, to November 30, 1997, precipitation in 
the Delaware River Basin was 3.63 inches below average. Reservoir storage in the basin was at 
record levels during December 1996 and January 1997 and was above normal through April 
1997. Storage declined steadily from May 26 to November 1, 1997, reaching drought-warning 
level October 22, 1997. Operations were conducted at reduced levels designed to conserve the 
low water supplies caused by the drought-warning conditions in the basin from October 27 to 
November 30, 1997.

Diversions from the Delaware River basin by New York City and New Jersey did not 
exceed those authorized by the terms of the Amended Decree, or the reduced limits imposed 
because of the drought. Releases were made as directed by the River Master at rates designed to 
meet the flow objective for the Delaware River at Montague, NJ. (hereafter called the Montague 
flow objective) on 138 days during the report year. Releases were made at the experimental con 
servation rates, at rates designed to relieve thermal stress and protect the fishery in the streams 
downstream from the reservoirs, on all other days.

New York City and New Jersey complied fully with the terms of the Decree, and during 
the drought-warning period, with the terms of the "Interstate Water Management Recommenda 
tions of the Parties to the Decree" (DRBC Resolution 83-13), and with the directives of the River 
Master during the year.



INTRODUCTION

The Amended Decree of the United States Supreme Court, entered June 7, 1954, autho 
rized diversions of water from the Delaware River Basin and provided for releases of water from 
certain New York City reservoirs to the Delaware River to be made under the supervision and 
direction of the River Master. The Decree also stipulated that reports be made to the Court not less 
frequently than annually. This report describes the River Master operations from December 1, 
1996 to November 30, 1997.

Part of the hydrologic data presented are records of flow and water quality at U.S. Geolog 
ical Survey gaging stations. These records were collected, computed, and furnished by the Offices 
of the U.S. Geological Survey at Troy, New York, at Malvem and Lemoyne, Pennsylvania, and at 
West Trenton, New Jersey, in cooperation with the States of New York and New Jersey, the Com 
monwealth of Pennsylvania, and the City of New York.

Definition of Terms and Procedures
The following definitions apply to various terms and procedures used in the operations 

described in this report. A table for converting inch-pound units to International System of Units 
(SI) is given on page v. The map of the Delaware River Basin (fig. 1) shows the location of perti 
nent streams, reservoirs, and gaging stations.

Capacity. - Total usable volume in a reservoir between the point of maximum depletion 
and the elevation of the lowest crest of the spillway.

Conservation releases. - Controlled releases from reservoirs designed to maintain flow in 
the channels downstream from the reservoirs.

Daily excess-release credits. - Daily credits and deficits during the seasonal period are 
equal to the mathematical difference between the daily mean discharge of the Delaware River at 
Montague, N.J. and 1,750 frVs. However, the daily credit cannot exceed the 24-hour period 
releases from Pepacton, Cannonsville, and Neversink Reservoirs routed to Montague and made in 
accordance with direction, with the following exception: during the seasonal period, credits are 
also made for part or all of other releases from these reservoirs that contribute to the daily mean 
discharge at Montague between 1,750 ff/s and the excess-release rate.

Directed releases. - Controlled releases from the New York City reservoirs in the upper 
Delaware River Basin designed by the Delaware River Master to meet the Montague flow objec 
tive.

Diversions. - The transfer of water by New York City from Pepacton, Cannonsville, and 
Neversink Reservoirs in the upper Delaware River Basin through the East Delaware, West Dela 
ware, and Neversink Tunnels, respectively, to its water-supply system. Also, the transfer of water 
by New Jersey from the Delaware River through the Delaware and Raritan Canal.

Excess quantity and seasonal period for its release. - As defined in the Decree, the excess 
quantity of water equals 83 percent of the amount by which the estimated consumption in New 
York City during the year is less than the City's estimate of continuous safe yield (1,665 Mgal/d
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stipulated by 1954 Decree) from all its sources of supply obtainable without pumping, except that 
the excess quantity should not exceed 70 billion gallons. Each year the "seasonal period" for 
release of the excess quantity begins on June 15. The flow objective for that period becomes 
effective at Montague on that date and continues in effect until the following March 15, or until 
the cumulative total of excess-release credits becomes equal to the seasonal quantity, whichever 
occurs first.

Point of maximum reservoir depletion. - Elevation at the top of the highest outlet, some 
times referred to as minirnum full-operation level.

Rate of flow. - Mean discharge for any stated 24-hour period, in cubic feet per second 
(ftVs) or million gallons per day(Mgal/d).

Rate of flow at Montague. - Daily mean discharge of the Delaware River at Montague, 
N.J., on a calendar-day basis.

Reservoir-controlled releases. - Controlled releases from reservoirs passed through outlet 
valves in the dams or through turbines in powerplants. This does not include spillway overflow at 
the reservoirs.

Storage or contents. - Usable volume of water in a reservoir. Unless otherwise indicated, 
volume is computed on the basis of level pool and above the point of maximum depletion.

Time of day. - Time of day is expressed in 24-hour Eastern Standard Time, which included 
a 23-hour day April 6 and a 25-hour day October 26.

Uncontrolled runoff at Montague. - Runoff from the drainage area upstream from Mon 
tague exclusive of the drainage area upstream from the Downsville, Cannonsville, Neversink, 
Wallenpaupack, and Rio dams, but including spillway overflow at these dams.

Precipitation
Precipitation measured in the basin above Montague totaled 39.66 inches for the 1997 

report year and was 3.63 inches below the long-term (56-year) average. Monthly precipitation 
ranged from 51 percent of the long-term average in June, 1997 to 204 percent of the average in 
December, 1996. Table I 1 compares the monthly precipitation during the report year with the 
long-term average.

These data were computed from records collected by the National Weather Service; the 
New York City Department of Environmental Protection, Bureau of Water Supply, Quality, and 
Protection; and the River Master, at 10 stations distributed over the basin area upstream from 
Montague.

December to May is generally considered the normal time of year when surface- and 
ground-water reservoirs fill. During this period in 1996-97, average precipitation at the 10 stations 
was 21.14 inches, which was 105 percent of the 56-year average. During June to November, 
average precipitation at the 10 stations was 18.52 inches, which was 80 percent of the long-term

1. All numbered tables in Section n are grouped at the end of this section, beginning on page 32.
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average. The maximum monthly precipitation measured was 8.24 inches in December, 1996, at 
Liberty, New York; the minirnum monthly precipitation was 1.38 inches in October, at Downs- 
ville Reservoir, New York.

Acknowledgments
The River Master's daily-operation records were prepared by the Milford Office of the 

Delaware River Master from hydrologic data collected principally on a day-to-day basis. Data for 
these records were collected and computed by the Milford office or were furnished by agencies as 
follows: Data for Pepacton, Cannonsville, and Neversink Reservoirs by the New York City 
Department of Environmental Protection, Bureau of Water Supply, Quality, and Protection; for 
Delaware and Raritan Canal by the New Jersey Water Supply Authority; for Lake Wallenpaupack 
by the Pennsylvania Power & Light Company; and for Rio Reservoir by Orange and Rockland 
Utilities, Inc. Precipitation data and quantitative precipitation forecasts were provided by the 
National Oceanic and Atmospheric Administration, National Weather Service.

OPERATIONS

December to May
Operations on December 1, 1996, were being conducted as prescribed in the Decree. The 

Montague flow objective was 1,750 tf/s, and the allowable diversions to New York City and New 
Jersey were 800 Mgal/d and 100 Mgal/d, respectively. Conservation releases from Pepacton Res 
ervoir and Neversink Reservoir were being made at the experimental levels, and at the augmented 
levels from Cannonsville Reservoir (table 2).

During the first half of the report year, total precipitation was 0.93 inches above average 
and monthly precipitation ranged from 204 percent of the long-term average in December to 72 
percent in February (table 1). Runoff in the upper basin was above normal during December and 
was within the normal range from January through May.

Combined storage in the New York City, Delaware River Basin Reservoirs was above 
median levels for much of the 1996 River Master report year. Cannonsville Reservoir had filled to 
capacity and began spilling on October 25, 1996, and Pepacton Reservoir began spilling on 
November 9, 1996. On December 1, 1996, when the 1997 report year began, Pepacton Reservoir 
contained 140.671 Bgal of water in storage above the point of maximum depletion, or 100.3 per 
cent of the reservoir's storage capacity of 140.190 Bgal, and Cannonsville Reservoir contained 
98.233 Bgal, or 102.6 percent of the reservoir's storage capacity of 95.706 Bgal, and both reser 
voirs were spilling. Neversink Reservoir contained 29.527 Bgal, or 84.5 percent of the reservoir's 
storage capacity of 34.941 Bgal. The combined storage in the three reservoirs as of December 1 
was 268.431 Bgal, or 99.1 percent of their combined capacity, which was the highest storage for 
December during the period of record, exceeding the previous high by 3.0 Bgal. Daily storage 
contents in Pepacton, Cannonsville, and Neversink Reservoirs are shown in tables 3, 4, and 5 
respectively, and the combined storage is shown graphically in figure 2

12
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Figure 2. - Operating curves for New York City reservoirs in the Delaware 
River basin compared with the actual contents of the reservoirs, Decem 
ber 1,1996, to November 30,1997 (Sources: Operating curves from Inter 
state Water Management Recommendations of the Parties to the U.S. 
Supreme Court Decree of 1954, reservoir contents from New York City 
Bureau of Water Supply data.)

Inflow to the City's reservoirs during the December through May period generally exceeds 
draft rates and therefore increases storage. The average inflow to Pepacton, Cannonsville, and 
Neversink Reservoirs for these six months during the 56-year period, December 1940 to May 
1996, was 301.5 Bgal. During the corresponding six months of the current report year, inflow to 
the three reservoirs totaled 376.2 Bgal. Evaporation loss was not included in the computation.

Usually, combined storage increases seasonally from December to May. However, the 
1997 report year began with storage at record levels and two of the three New York City reser 
voirs were spilling. During the 1997 report year, the maximum combined storage was 281.326 
Bgal on December 3, 1996 (fig. 2). Normally, maximum storage in the individual reservoirs 
occurs on different days. The maximum storage in Pepacton Reservoir was 144.343 Bgal on 
December 2, 1996, the maximum storage in Cannonsville Reservoir was 102.900 Bgal on 
December 3, 1996, and the maximum storage in Neversink Reservoir was 35.135 Bgal on April 8, 
1997. As discussed earlier, both Pepacton Reservoir and Cannonsville Reservoir were spilling on 
December 1, 1996. Pepacton Reservoir spilled from November 9, 1996, to January 12, 1997, 
March 3-15 and March 28 to May 30, 1997. Cannonsville Reservoir spilled from October 25,
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1996, to February 13,1997, and February 20 to June 4,1997. Neversink Reservoir filled to capac 
ity and began spilling on December 4, 1996, and spilled December 4-10, 18-20, 1996, and April 
7-9, 1997. A total of 215.669 Bgal spilled from all three reservoirs during the report year.

On January 22, 1997, in response to a request by officials of the local communities imme 
diately downstream from Pepacton Reservoir, the Parties to the Decree, the Delaware River Basin 
Commission (DRBC), and the River Master unanimously agreed to a limited reduction in the 
storage in Pepacton Reservoir in order to provide additional flood protection. This action was 
taken because of the unusually high storage contents for this time of year. A copy of the agree 
ment (DRBC Resolution No. 97-2) and the unanimous consent by the Parties to the Decree are 
attached to this report as Appendix A.

The releases directed by the River Master and resulting reductions in storage levels in 
Pepacton Reservoir are summarized in table 6. A total of 2.796 Bgal was released between Janu 
ary 27, 1997, and February 28, 1997, to provide at least 5 Bgal of available storage in the reser 
voir. Per the agreement, the releases were stopped on February 28,1997, and the reservoir filled to 
capacity and began spilling again on March 4, 1997.

During the December to May period, diversions to Rondout Reservoir by New York City 
totaled 118.006 Bgal (648 Mgal/d). The forecast discharge at Montague, exclusive of water 
released from the City reservoirs, did not fall below the flow objective, therefore no releases were 
directed. The observed discharge at Montague also did not fall below the flow objective. New 
York City made releases from Pepacton and Neversink Reservoirs for conservation purposes at 
the experimental conservation rates shown in table 2 on all days during the period. At Cannons- 
ville Reservoir, conservation releases were made at the augmented rate December 1, 1996, 
through February 28, 1997, and at the experimental rate March 1 to May 31,1997.

June to November
Monthly precipitation during the June to November period was below average in June, 

July, September, and October and was above average in August and November. Total precipita 
tion during the period was 18.52 inches or 4.56 inches less than the 56-year average of 23.08 
inches (table 1).

Releases were directed to satisfy the Montague flow objective on 138 days between June 1 
and November 30, 1997, when the forecasted discharge at Montague, exclusive of water released 
from the New York City reservoirs, fell below the applicable flow objective (table 7). Releases at 
various conservation rates or at rates designed to protect the fishery were made at other times 
from each reservoir from June 1 to November 30. A total of 526 (ft3/s)-d (340 Mgal) was released 
for the relief of thermal stress from June 10 to July 15, and 621 (&?/s)-d (401 Mgal) was released 
to protect the fishery November 4-30, 1997 (table 8).

From June 1 to June 14, the level of flow required to be maintained in the Delaware River 
at Montague was 1,750 ft3/s. The forecasted flow, exclusive of releases from Pepacton, Cannons- 
ville, and Neversink Reservoirs, was less than the flow objective on 2 days during the period, and 
releases were directed.
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The New York City Department of Environmental Protection, Bureau of Water Supply, 
furnished the River Master with the following advance data for the 1997 calendar year:

1. The estimated continuous safe yield from all the City's sources, obtainable without 
pumping, is 1,665 Mgal/d, or a total during the calendar year 1997 of 1.665 Bgal/d x 365 days = 
607.725 Bgal.

2. The estimated consumption that the City must provide from all its sources of 
supply during calendar year 1997 is 591.582 + 7.250 = 598.832 Bgal.

On the basis of the provisions of the Decree and the above data, the aggregate quantity of 
excess-release water was 83 percent of (607.725 - 598.832) or 7.381 Bgal. The Montague flow 
objective during the excess release period beginning June 15, 1997, was computed as:

1,750 ft3/s + 7.381 Bgal xl 547 (ft3/s)/(Bgal/d)
120 days

Data on consumption of water by the City of New York for each calendar year, since 1950, 
are shown in table 9.

On June 15, 1997, the seasonal period for the release of the excess quantity began and the 
Montague flow objective was increased to 1,850 ft3/s. Between June 15 and August 6, in response 
to below normal runoff from precipitation and above normal releases to meet the Montague flow 
objective, the storage in the New York City reservoirs declined rapidly. On August 6, 1997, in an 
effort to prevent or at least delay entry into drought warning, the Parties to the Decree, the DRBC 
and the River Master unanimously agreed to suspend the release of the excess quantity. The 
remainder of the excess-release quantity was placed in an excess-release bank to be used, if nec 
essary, to provide lower Delaware River Basin drought assistance per procedures previously 
approved in DRBC Resolution 88-22 (Revised). The Montague flow objective was returned to 
1,750 ft?Is effective August 10, 1997. A total of 3.956 Bgal of the 7.381 Bgal excess-release 
quantity was released and the remainder, 3.425 Bgal, was put in the excess-release bank to be 
used if needed for lower basin drought assistance at a later date. A copy of the agreement is 
attached to this report as Appendix B.

During August, precipitation was slightly above normal but during September and Octo 
ber, precipitation was significantly below normal, releases required to meet the Montague flow 
objective were very high, and storage continued to decline at greater than normal rates. Combined 
storage declined below the drought-warning level of the operation curves on October 22, 1997, 
and remained below that level for five days. On October 27, 1997, the Montague flow objective 
was reduced to 1,655 ft3/s and the allowable diversions to New York City and New Jersey were 
reduced to 680 Mgal/d and 85 Mgal/d respectively, as required by the "Interstate Water Manage 
ment Recommendations of the Parties to the Decree" (DRBC Resolution 83-13).

On October 21, 1997, in anticipation of entry into drought-warning in the basin, New York 
State requested that the Parties to the Decree, the DRBC, and the Delaware River Master consider 
the establishment of an emergency fisheries protection program designed to allow special releases 
from the New York City Delaware River Basin reservoirs to protect the fishery during the 
drought-warning period. In response to this request, the Parties to the Decree, the DRBC, and the

15



River Master met on October 22, 1997, and unanimously agreed to allow New York State to 
request special releases totaling a maximum of 3,000 (ft3/s)-d and specified that the amount 
released be paid back through reductions in the releases required to meet the Montague target. A 
copy of the agreement is attached to this report as Appendix C.

On November 18, 1997, the Parties to the Decree, the DRBC, and the River Master agreed 
to a modification of the agreement to allow fishery protection releases to be made prior to the 
compensating reductions in the Montague releases. A copy of the modified agreement is attached 
to this report as Appendix D.

A total of 621 (ft?/s)-d was released to protect the fishery and 400 (ti?/s)-d was set aside in 
a fishery protection bank through reductions in releases to meet the Montague flow objective 
between October 25, when the agreement became effective, and November 30, 1997. The special 
releases and the reductions in release requirements are summarized in table 8.

Combined storage continued to decline during October and reached the minirnurn for the 
year on November 1, 1997, 11.175 Bgal into the drought-warning zone of the operation curves.

An average of 1.56 inches of precipitation fell in the Upper Delaware River Basin on 
November 1-3, 1997, and was followed by an additional inch of precipitation during the follow 
ing week. The runoff from these two storms was sufficient to eliminate the need for directed 
releases from the reservoirs to meet the Montague flow objective and to begin the recovery of 
storage in the reservoirs. Storage continued to increase steadily during November and combined 
storage reached the normal zone of the operation curves on November 28, 1997, and was 1.448 
Bgal above the drought-warning zone on November 30, 1997, the end of this report year.

Between June 15, when release of the excess quantity began, and November 30, 1997, the 
forecasted flow at Montague, exclusive of releases from the New York City reservoirs, was below 
the flow objective on 136 days and releases were directed. On 67 days during the June 15 to 
November 30 period, the observed flow fell below the applicable flow objective. Of those 67 
days, 39 were within 10 percent of the flow objective and 28 were more than 10 percent below the 
flow objective.

The total discharge at Montague, the portion derived from uncontrolled runoff down 
stream from the reservoirs, the portion contributed by the power reservoirs, and the portion con 
tributed by Pepacton, Cannonsville, and Neversink Reservoirs are shown by the hydrographs in 
figure 3. In analyzing the water budget at Montague, the uncontrolled runoff downstream from the 
reservoirs was computed as the residual of observed flow less releases from all reservoirs, and 
therefore was subject to all the errors in observations, transit times, and routing of the several 
components of flow. All of these uncertainties are contained in the computed hydrograph of 
uncontrolled runoff.

Diversions to Rondout Reservoir June 1 to November 30,1997, totaled 129.970 Bgal.
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Summary of Operations
From December 1, 1996, to November 30, 1997, diversions to Rondout Reservoir totaled 

247.976 Bgal, and all releases from the New York City reservoirs to the Delaware River totaled 
104.203 Bgal. Directed releases to the Delaware River from these reservoirs totaled 81.952 Bgal.

During the year, the maximum storage in Pepacton Reservoir was 104.203 Bgal, on 
December 2, 1996. The maximum storage in Cannonsville Reservoir was 102.900 Bgal, on 
December 3, 1996, and the maximum storage in Neversink Reservoir was 35.135 Bgal, on April 
8, 1997, when the reservoirs were spilling. The maximum combined storage in the three reser 
voirs during the year was 281.326 Bgal, on December 3, 1996.

Minimum combined storage in the reservoirs during the year was 98.825 Bgal on Novem 
ber 1,1997. Minimum storage in Pepacton Reservoir was 63.653 Bgal (45.4 percent of capacity) 
on November 8, 1997, and minimum storage in Cannonsville Reservoir was 23.180 Bgal (24.2 
percent of capacity) on November 1, 1997, and minimum storage in Neversink Reservoir was 
10.869 Bgal (31.1 percent of capacity) also on November 1, 1997.

On November 30, 1997, combined storage in the three reservoirs was 111.448 Bgal, or 
41.1 percent of their combined capacity. During the year, combined storage decreased 157.083 
Bgal, or 58 percent of capacity.

The combined storage of the three reservoirs on the first day of the month June 1967 to 
November 1997, is shown in figure 4. Storage on December 1,1996, and January 1,1997, was the 
highest ever during the period of record, June 1967 to November 1997. Storage was above the 
median February through April and June. Storage was below the median in May and July through 
November, and was below the 25th percentile from September through November.
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SUPPLEMENTARY RELEASE FROM 
WALLENPAUPACK POWERPLANT

An agreement between Pennsylvania Power & Light Company and New York City pro 
vides for supplementary releases from Wallenpaupack hydroelectric powerplant if the Delaware 
River Basin Commission requests compensation for water consumed at the company's Martins 
Creek steam-electric generating station. Releases may be requested if the flow of the Delaware 
River at Trenton, N.J. is expected to be less than 3,000 flrVs for more than three consecutive days. 
No supplementary releases were requested during the report year.

COMPONENTS OF FLOW, 
DELAWARE RIVER AT MONTAGUE, N.J.

The data and computations of the various components of flow formed the basic opera 
tional records required to carry out the River Master's specific responsibilities with respect to the 
Montague Formula during the report year. Tlie operational record has two parts: the forecasted 
flow at Montague, exclusive of controlled releases from New York City's reservoirs (table 10), 
and the segregation of the daily average flow at Montague among its various source components 
(table 11).

Discharge of the Delaware River at Montague was composed of the following source 
components:

1. Controlled releases from Lake Wallenpaupack on Wallenpaupack Creek in the 
production of hydroelectric power.

2. Controlled releases from Rio Reservoir on Mongaup River in the production of 
hydroelectric power.

3. Runoff from the uncontrolled area upstream from Montague.

4. Controlled releases from Pepacton, Cannonsville, and Neversink Reservoirs of 
New York City.

The releases from the City's reservoirs necessary to maintain the Montague flow objective 
were computed from the forecasted flow at Montague, exclusive of the controlled releases from 
the reservoirs.

TIME OF TRANSIT

Tlie average times for the effective transit of water from the various sources of controlled 
supply to Montague used for discharge routing during the 1997 report year are as follows:
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Source Hours

Pepacton Reservoir 60
Cannonsville Reservoir 48
Neversink Reservoir 33
Lake Wallenpaupack 16
Rio Reservoir 8

This schedule was developed from reservoir and powerplant operations and gaging-station 
records of prior years and was found generally suitable. At times, noticeable exceptions occur, for 
example, when a large release from Cannonsville Reservoir follows a small one, a large part of 
the release is expended in rilling the channel en route, and the remainder may appear at Montague 
as much as 18 hours later. During the winter, ice cover, together with the low streamflow, gradu 
ally increases the resistance to streamflow and lengthens the time of transit. However, because the 
increased travel time generally occurs gradually over several days and releases were not generally 
being directed to meet the Montague flow objective during that time, no adjustments were made 
to compensate for the increased travel time under ice cover.

SEGREGATION OF FLOW AT MONTAGUE

The River Master daily operation record of reservoir releases and daily segregation of 
flow among the various source components contributing to the flow of the Delaware River at 
Montague is shown in table 11. The arrangement of data conforms with the downstream move 
ment of water from the various sources to Montague. A horizontal summation of data in the table 
is equivalent to routing the various contributions to Montague, using the schedule for travel time 
of water discussed previously. The uncontrolled runoff was computed by subtracting the contribu 
tions of the several other sources from the observed discharge at Montague.

COMPUTATION OF DIRECTED RELEASES

In the daily operations, it was necessary that the River Master utilize: (1) discharges com 
puted from recorded or reported stream gage heights for various 24-hour periods without current 
information about changes in stage-discharge relations that might have occurred; (2) daily dis 
charge from New York City's three reservoirs obtained from venturi meters; (3) rainfall reports 
for the previous 24 hours; (4) actual powerplant releases converted to daily discharge; (5) advance 
estimates of power demand converted to daily discharge; (6) advance estimates of uncontrolled 
runoff at Montague; and (7) average times for routing of water from the several sources. Variable 
errors of estimate occur in projecting data, but these data must be used in the daily design and 
direction of releases from the reservoirs.

The time of transit of water from Pepacton Reservoir to Montague (60 hours) was greater 
than the transit time of water from any other reservoir. Releases from Cannonsville and Neversink 
Reservoirs were timed to arrive at Montague concurrently with releases from Pepacton Reservoir.
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To allow for the actual differences in transit times, daily directed releases from Pepacton were 
scheduled to begin at 1200 hours, releases from Cannonsville were scheduled to begin at 2400 
hours, and releases from Neversink were scheduled to begin at 1500 hours the following day.

Releases from the City's reservoirs required to maintain the specified flow at Montague 
were calculated after estimates of releases from Lake Wallenpaupack and Rio Reservoir were 
obtained and after a forecast was made of the uncontrolled runoff at Montague. Taking into 
account the time of transit from these sources to Montague, the calculation required that estimates 
of the following components be made two or more days in advance: (1) release of water from 
Lake Wallenpaupack, (2) release of water from Rio Reservoir, and (3) uncontrolled runoff at 
Montague. The River Master daily operation record for computing daily directed release from 
the City's reservoirs during the periods of low flow is shown in table 10.

The electric power companies cooperated fully in furnishing advance estimates of power- 
plant releases. As the hydroelectric plants were used chiefly for meeting peak-power demands, 
advance estimates were subject to many modifying factors such as the influence of the vagaries of 
weather upon demand. In addition, the power companies are members of wide-area power pools 
that may present unforeseen demands for power generation. As a result, the actual use of water for 
power generation was at times at considerable variance with the advance estimates that were used 
by the River Master's office in design computation.

For computation purposes during periods of low flow, the estimate of uncontrolled runoff 
at Montague was treated as two items: (1) current runoff and (2) estimated increase in runoff from 
precipitation. Estimated quantities for these items are shown in table 10.

During the winter period, the advance estimate of the uncontrolled runoff (current condi 
tions) was based on flows at nearby gaging stations and on the recession curve of the computed 
uncontrolled flow at Montague.

During ice-free conditions, the current runoff was calculated using a routing and recession 
procedure based on discharges as of 0800 hours at the gaging stations listed below:

Drainage area 
Station (mi2)

Beaver Kill at Cooks Falls, N.Y. 241
Cadosia Creek at Cadosia, N.Y. 17.9
Oquaga Creek at Deposit, N.Y. 67.6
Equinunk Creek at Equinunk, Pa. 56.3
Callicoon Creek at Callicoon, N.Y. 110
Tenmile River at Tusten, N.Y. 45.6
Lackawaxen River at Hawley, Pa. 290
Shohola Creek near Shohola, Pa. 83.6
Neversink River at Port Jervis, N.Y. 336

The forecasted increase in runoff from precipitation is shown in table 10 under the head 
ing of "Weather Adjustment." Throughout the low-flow periods, the National Weather Service
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Office at Mt. Holly, N.J., furnished quantitative forecasts of average precipitation over the drain 
age area above Montague and air temperatures for each day of the three-day design period. Dur 
ing the winter, runoff was estimated from the current state of snow and ice and from forecasted 
temperature and precipitation. During other periods, the forecasted precipitation was used to cal 
culate runoff.

The forecasted flow at Montague, exclusive of releases from the City's reservoirs (table 
9), was the sum of the forecasted releases from the power reservoirs, the estimated uncontrolled 
runoff under then current conditions, and the weather adjustment. If the computed flow was less 
than the desired flow at Montague, the expected deficiency was made up by corresponding 
releases from New York City reservoirs.

When revised forecasts of precipitation or powerplant releases became available, the 
releases required from the reservoirs were recomputed. Usually this procedure resulted in a 
reduced release requirement from New York City reservoirs for that day and therefore conserved 
water. Only the final figures are shown in table 10.

ANALYSIS OF FORECASTS

Forecasts of the flow at Montague based on the anticipated flow of the several components 
(exclusive of the release from New York City's reservoirs) varied somewhat from the observed 
flow on most days. At times, variations in the several components are partially compensating and 
the resulting observed flows were fairly close to the estimated flows.

The forecasted flow of the Delaware River at Montague, exclusive of the releases from the 
New York City reservoirs, was less than the applicable flow objective most days from June 13 to 
November 3, 1997. The following tabulation compares the advance estimates of the various con 
tributions to the flow at Montague to the observed operations during that period.

Directed releases from 
New York City reservoirs 

Power releases 
Lake Wallenpaupack 
Rio Reservoir 

Runoff from uncontrolled area

Advance 
estimates 
[(ft3/s>d]

a 126,779

18,714 
4,868 

100,199

Observed 
operations 
[(ft3/s>d]

b 126,764

27,897 
10,068 

103,972
a Directed release as designed.
b Actual release in response to direction.

During the period, New York City released slightly less water than was directed, the 
power companies released 49 percent more water from Lake Wallenpaupack and 107 percent
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more water from Rio Reservoir than was forecast, and the observed runoff from the uncontrolled 
area was 3.8 percent more than the forecasted runoff

On the basis of the observed discharges at Montague, exact forecasting of releases 
required from the City's reservoirs during the report year would have totaled 121,753 (ft-Vs)-d. 
Directed releases totaled 126,764 (ft3/s)-d, or 4.1 percent more than for exact forecasting.

A comparison of the hydrographs of forecasted runoff and the actual runoff (fig. 5) from 
the uncontrolled area indicate that the forecasting procedures tended to underestimate runoff dur 
ing high precipitation events, but the forecasts were generally adequate. Adjustments were made 
when needed to compensate for errors in the forecast, but because of the travel time, the effect of 
the adjustments at Montague are not seen for several days.

Analysis of the precipitation forecasts indicate that the total precipitation forecasted for 
the three-day design period is often fairly accurate, but the storm may occur either earlier or later 
in the period. The accuracy of the runoff forecasts are significantly affected by the timing of the 
precipitation events. In addition, if the storm track is somewhat different than was anticipated, the 
amount and timing of the runoff is significantly affected.

DIVERSIONS TO NEW YORK CITY WATER SUPPLY

The 1954 Amended Decree allows New York City to divert water from the Delaware 
River Basin at a rate not to exceed 800 Mgal/d. The Decree also specifies that the rate of diver 
sions will be computed as the aggregate total diversion beginning on June 1 of each year divided 
by the number of days elapsed since the previous May 31.

Table 12 shows diversions from Pepacton, Cannonsville, and Neversink Reservoirs to the 
New York City water-supply system (Rondout Reservoir) during the report year. The table 
includes a running account of the average rates of the combined diversions from the reservoirs, 
computed as prescribed by the Decree or the "Interstate Water Management Recommendations of 
the Parties to the Decree (DRBC Resolution 83-13)." The tabulation below shows the allowable 
maximum diversion rates and the actual diversions during those periods.

Effective dates Allowable diversions 
(Mgal/d)

Actual diversions 
(Mgal/d)

June 1, 1996 to May 31, 1997 800 663 
June 1 to October 26, 1997 800 767 
October 27 to November 30, 1 997 680 472

During the year, a total of 247.976 Bgal of water was diverted to the New York City water 
supply system. The allowable diversion during the year was 310.259 Bgal.
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STORAGE IN NEW YORK CITY RESERVOIRS

The New York City Board of Water Supply determined the "point of maximum depletion" 
and other pertinent reservoir levels and contents of Pepacton, Cannonsville, and Neversink Reser 
voirs as follows:

Level
Pepacton Reservoir
Elevation 

(ft.)
Contents 
(Bgal)

Cannonsville Reservoir
Elevation(ft.) Contents 

(Bgal)

Neversink Reservoir
Elevation(«.) Contents 

(Bgal)
Full pool or 

spillway crest
Point of maxi 

mum depletion
Sill of diversion 
tunnel

Sill of river 
outlet tunnel

Dead storage

1,280.00 1,150.00
*140.190 *95.706

1,152.00 1,040.00
*3.511 * 1.020

1,143.00 +1,035.00
*4.200 * 1.564

1,126.50 1,020.5

1,440.00

1,319.00

1,314.00

1,314.00

*34.941 

*0.525

1.800 0.328 1.680
*Contents shown are quantities stored between listed elevations. 
+Elevation of mouth of inlet channel of diversion works.

Tables 3, 4, and 5 show storage in Pepacton, Cannonsville, and Neversink Reservoirs, 
respectively, above the "point of maximum depletion" or minimum full-operating level.

On December 1, 1996, combined storage in the three reservoirs was 268.431 Bgal, which 
was an all time high for December 1. As discussed earlier, storage was above normal from 
December through April. Pepacton Reservoir spilled from December 1,1996 to January 12, 1997, 
March 4-15, and March 28 to May 30,1997. A total of 78.621 Bgal spilled during the above peri 
ods. In addition 2.796 Bgal was released for flood control from January 27 to February 28, 1997. 
Cannonsville Reservoir spilled continuously from December 1, 1996, to June 4, 1997, except for 
a brief period, February 14-19, 1997. A total of 135.869 Bgal spilled during the year. Neversink 
Reservoir filled to capacity and spilled December 4-10, and 18-20, 1996, and again April 7-9, 
1997. A total of 1.179 Bgal spilled during the year. The maximum combined storage for the year 
occurred December 3, 1996, when Pepacton and Cannonsville Reservoirs were spilling.

The seasonal decline in storage began in late May and continued at greater than normal 
rates, reaching drought-warning level on October 22. Storage continued to decline, until reaching 
the minimum for the year on November 1, 1997. The rninimum combined storage was 98.825 
Bgal. Storage began to recover during November and reached 111.448 Bgal, 41.1 percent of 
capacity on November 30, 1997.
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COMPARISON OF RIVER MASTER OPERATION DATA 
WITH OTHER STREAMFLOW RECORDS

The River Master operations are, in effect, day-to-day operations, for which it is necessary 
to use preliminary records of streamflow. The following summaries compare records used in the 
River Master operations and published records from U.S. Geological Survey gaging stations. In 
the comparison of releases, the data used were reported in units of million gallons per day (Mgal/ 
d) and converted to cubic feet per second (ft3/s) in the summaries.

Releases from New York City Reservoirs
The River Master operations data on the controlled releases from Pepacton, Cannonsville, 

and Neversink Reservoirs, to the Delaware River were obtained from calibrated instruments con 
nected to venruri meters installed in the outlet conduits.

The U.S. Geological Survey gaging station on the East Branch Delaware River at Downs- 
ville, N.Y is 0.5 mile downstream from Pepacton Reservoir dam (fig. 1). The discharge for this 
station includes releases from Pepacton Reservoir and also includes a small amount of 
seepage and any runoff that enters the channel between the dam and the gage site. The drainage 
area at the dam is 371 mi2 and at the gaging station is 372 mi2.

The tabulation below compares the releases from Pepacton Reservoir (table 11) reported 
by New York City to the final records for the USGS gaging station on the East Branch Delaware 
River at Downsville, N.Y. (table 13) for the flow objective shown.

Flow objective (fr^/s)
USGS flow (ft3/s)
NYC flow (ftVs)
Percent difference NYC flow 
is from USGS flow

19 
19.9 
18.6 
-6.5

45 
44.9 
46.0 
+2.4

70 
68.5 
69.9 
+2.0

95
92.7 
95.0
+2.5

300-500 
421 
457 
+8.6

The differences in all cases are closer than the differences observed in previous years and 
the agreement in the data is considered to be very good. The calibration of the instruments 
attached to the venruri meters was adjusted periodically by New York City to improve the accu 
racy of the readings.

The U.S. Geological Survey gaging station on the West Branch Delaware River at Stiles- 
ville, N.Y. is 1.4 miles downstream from Cannonsville Dam (fig. 1). The discharge for this station 
includes releases from Cannonsville Reservoir and the runoff from 2 mi2 of drainage area 
between the dam and the gage site. The drainage area at the dam is 454 mi2, and at the gaging sta 
tion is 456 mi2.

The following tabulation compares the releases from Cannonsville Reservoir (table 11) 
reported by New York City to the final records for the USGS gaging station on the West Branch 
Delaware River at Stilesville, N.Y. (table 14) for the flow objective shown.
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Flow objective (ftVs)
USGS flow (ft3/s)
NYC flow (ft3/s)
Percent difference NYC flow 
is from USGS flow

23 
23.2 
26.3 
+13

100-300 
162 
197
+22

300-500 
375 
434 
+16

500-900 
661
731 
+11

>900 
1,055 
1,086 
+2.9

The gaging-station records are considered good at flows above 100 f^/s and fair below. 
The gaging-station records include the runoff from precipitation on the area between the dam and 
the gaging station and include seepage that occurs near the base of the dam. On January 29,1992, 
the seepage near the base of the dam was measured and found to be 2.4 ftVs, which agrees with 
estimates made in previous years. The differences in flow between reservoir release records and 
USGS gaging station records continue to be monitored in cooperation with New York City and 
the USGS field office at Troy, N.Y. In an effort to investigate the differences further, two dis 
charge measurements were made just below the Cannonsville release outlet during the report year. 
Measurements at this location eliminate most of the runoff contribution from the intervening area 
between the outlet and the gaging station, but include the seepage at the base of the dam. The 
measurements were adjusted for the seepage of 2.4 fl^/s as discussed above. A comparison of the 
two adjusted measurements to the New York City release records showed a difference of+1.2% at 
161 ft3/s and +4.1 percent at 639 f^/s.

The U.S. Geological Survey gaging station on the Neversink River at Neversink, N.Y. is 
1,650 feet downstream from Neversink Dam (fig. 1). The discharge for this station includes 
releases from Neversink Reservoir and, during storms, a small amount of runoff that originates 
between the dam and the gage site. The drainage area at the dam is 92.5 mi2 and that at 
the gaging station is 92.6 mi2 .

The following tabulation compares the releases from Neversink Reservoir (table 11) 
reported by New York City to the final records for the USGS gaging station on the Neversink 
River at Neversink, N.Y. (table 15) for the flow objective shown

Flow objective (f^/s)
USGS flow (tf/s)
NYC flow (tf/s)
Percent difference NYC flow 
is from USGS flow

15 
15.1 
15.5 
+2.6

25 
23.8 
24.7 
+3.8

53 
47.8 
52.5 
+9.8

95 
84.3 
94.4
+12

110-130 
89.8 
104.2 
+16

The flow objectives are the basic and the experimental conservation release rates except 
for the two highest release rates, which represented the higher rates of release for thermal protec 
tion made during the report year. The River Master Office made six discharge measurements, four 
during the year and one just before and one just after the year, to further investigate the differ-
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ences between reservoir release records and USGS gaging station records. These measurements 
showed results similar to the data in the tabulation at the 15 fi^/s, 25 fi^/s and 53 ftVs flows.

Releases from Lake Wallenpaupack
Records of daily discharge through the Wallenpaupack powerplant were furnished by the 

Pennsylvania Power & Light Company and published by the U.S. Geological Survey as Wallen 
paupack Creek at Wilsonville, Pa. (table 16). These discharges represent the flow through the tur 
bines of the powerplant and were computed on a midnight-to-midnight basis. For River Master 
operations, flows were computed on an 0800 hour to 0800 hour basis to compensate for the travel 
time to Montague (table 11).

From December 1996 through November 1997, the River Master's record agrees with the 
published U.S. Geological Survey record except for some small variations primarily due to the 
difference in the time frame and rounding of the computations. However, some days show unex 
plained differences. Overall, the records agree within 0.26 percent for the year.

Delaware River at Montague, N.J.
The River Master's operation record for the Delaware River at Montague, NJ. (table 11) 

indicated 0.07 percent less discharge for the year than the published U.S. Geological Survey 
record for the gaging station at that site (table 17), and daily values from the two records were in 
good agreement.

Diversion Tunnels
Records of diversions through the East Delaware, West Delaware, and Neversink Tunnels 

(fig. 1) were furnished to the River Master's Office by the City of New York. These records were 
obtained from New York City's calibrated instruments connected to venturi meters installed in the 
tunnel conduits. The on-site venturi rates-of-flow were transmitted electronically to the New York 
City Department of Environmental Protection computer at the Rondout Effluent Chamber every 
15 seconds. At five-minute intervals, the computer system calculates the release and diversion 
quantities for the preceding five-minute period based on the latest instantaneous rates-of-flow 
from each instrument. These five-minute quantities were added to calculate the daily total flows, 
which were reported to the River Master office daily. The diversion values were checked weekly 
against the flow meter totalizer readings on-site and were corrected when necessary. Current- 
meter measurements were made by the River Master's office to verify the reported diversions. 
The measurements were made in the outlet channels downstream from the tunnels.

The East Delaware Tunnel is used to divert water from Pepacton Reservoir to Rondout 
Reservoir. Conditions in the outlet channel of the East Delaware Tunnel were unfavorable for the 
measurement of flows throughout the report year because of high water levels in Rondout Reser 
voir. Comparison of the data provided by New York City with discharges obtained from recorded 
gage heights and the rating curve for the weir on the outlet channel from the East Delaware Tun 
nel indicate that the data provided by New York City were within acceptable limits.

The hydroelectric plant at the downstream end of the East Delaware Tunnel operated most 
days of the year. When the powerplant was not in operation, a small amount of leakage through
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the wicket gates was not recorded on the totalizer. The results of current-meter measurements 
made in previous years and observations made in 1997 indicate that the leakage has not changed 
substantially with time and is approximately 8.0 Mgal/d. Because the powerplant was not in oper 
ation for the equivalent of 52 days during the 1997 report year, the unmeasured leakage was 
approximately 0.4 Bgal. Based upon the measurements obtained this year and in previous years, 
the record of diversions through the East Delaware Tunnel was substantially correct.

The West Delaware Tunnel is used to divert water from Cannonsville Reservoir into 
Rondout Reservoir. Three current-meter measurements of flow in the West Delaware Tunnel out 
let channel were made during the year. Those measurements and an additional measurement made 
just before the beginning of the report year, indicated that on average, the venturi instruments 
gave higher results, +3.2 percent for the totalizer and +2.6 percent for the rate-of-flow indicator. 
Inspections of the channel downstream from the outlet, when valves were closed, showed negligi 
ble leakage.

A hydroelectric powerplant uses water diverted through the West Delaware Tunnel, but 
the plant operates only when diversions are less than 300 Mgal/d. When the powerplant is not 
operating, the valves on the pipelines to the plant are closed, and there is no leakage through the 
system. The results of the measurements and inspections made this year and during past years 
indicate that the reported record of the quantity of water diverted through the West Delaware Tun 
nel was substantially correct.

The Neversink Tunnel is used to divert water from Neversink Reservoir into Rondout Res 
ervoir. One measurement of flow from the Neversink Tunnel was made during the year. That mea 
surement, two measurements made during the 1996 report year, and one measurement made 
during the 1998 report year, indicated that on average, the venturi instruments were 5.8 percent 
higher for the totalizer and 4.3 percent higher for the rate-of-flow indicator.

A hydroelectric plant uses water diverted through the Neversink Tunnel. When the power- 
plant is not operating and the main valve on the diversion tunnel is open, leakage occurs that is 
not recorded on the venturi instruments. Based on measurements made during previous years, the 
average rate of leakage was 14.0 ft3/s (9.0 Mgal/d). When the powerplant was operating, the leak 
age was included in the recorded flow. When the main valve on the tunnel is closed, there is no 
leakage.

During the 1997 report year, the power plant did not operate for part of the day most of the 
time and was not operated the equivalent of 177 days. Based on the above rate and on records of 
power plant operation, approximately 1.6 Bgal of water was diverted but was unrecorded.

DIVERSIONS BY NEW JERSEY

The Amended Decree allows New Jersey to divert water from the Delaware River (or its 
tributaries in New Jersey) to areas outside the Delaware River Basin without compensating 
releases. These diversions may not exceed 100 Mgal/d (154.7 ft3/s) as a monthly average, with 
the diversion on any day not to exceed 120 Mgal/d (185.6 ft3/s). The U.S. Geological Survey gag-
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ing station, Delaware and Raritan Canal at Port Mercer, New Jersey (fig. 1) is used as the official 
location for measuring the diversions by New Jersey (table 18).

The following tabulation lists the allowable diversions by New Jersey, the periods that 
they were in effect, and the maximum monthly diversion during each period for the report year:

Effective dates Allowable diversion Maximum monthly 
_____________________Mgal/d________average diversion (Mgal/d)
Dec. 1, 1996 to Oct. 26,1997 100 97.5 
Oct. 27 to Nov. 30,1997 85 82.5

The 30-day average diversion was computed weekly throughout the year to monitor com 
pliance with the terms of the Decree and with the reduced diversions allowed during the period of 
drought warning. The maximum 30-day average diversion was 98.7 Mgal/d during the 30-day 
period ending October 26, 1997. The maximum daily diversion was 103 Mgal on January 19-22, 
and October 25, 1997. These computations show that the diversions by New Jersey, as measured 
at Port Mercer, were within the allowable limits as prescribed by the Decree and the reduced lim 
its by the "Interstate Water Management Recommendations of the Parties to the Decree" (DRBC 
Resolution 83-13).

CONFORMANCE OF OPERATIONS AS PROVIDED UNDER
AMENDED DECREE OF THE U.S. SUPREME COURT

DATED JUNE 7,1954

Operations were conducted as prescribed by the Decree from December 1, 1996, to 
August 9, 1997; by unanimous agreement of the Parties to the Decree, August 10 to October 26, 
1997; and by the "Interstate Water Management Recommendations of the Parties to the Decree 
(DRBC Resolution 83-13)," which were designed to alleviate the drought-warning conditions in 
the basin from October 27 to November 30, 1997.

Diversions from the Delaware River Basin to the New York City water-supply system 
were less than those authorized by the Decree and the "Interstate Water Management Recommen 
dations of the Parties to the Decree".

Under Compensating Releases of the Montague Formula, New York City released water 
from its reservoirs at rates designed by the River Master to maintain the applicable Montague 
flow objectives and complied fully with the directives of the River Master during the year.

Diversions from the Delaware River Basin by New Jersey were within the limits pre 
scribed by the Decree. New Jersey also complied fully with the requests of the River Master.
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Table 1. Precipitation in the Delaware River basin upstream from Montague, N.J.
[All values given in inches.]

Month

December
January
February
March
April
May
June
July
August
September
October
November

December 1940 to 
November 1996 

Monthly Average
3.34
2.96
2.67
3.28
3.78
4.18
3.91
4.16
3.91
3.77
3.43
3.90

December 1996 to November 1997

Amount
6.80
2.38
1.91
3.69
2.78
3.58
1.99
2.32
4.42
3.34
1.81
4.64

Percentage 
of average

204
80
72

112
74
86
51
56

113
89
53

119

Excess (+) or deficit (-)
Month
+3.46

-.58
-.76
+.41

-1.00
-.60

-1.92
-1.84
+.51
-.43

-1.62
+.74

Cumulative
+3.46
+2.88
+2.12
+2.53
+1.53

+.93
-.99

-2.83
-2.32
-2.75
-4.37
-3.63

12 months 43.29 39.66 92 -3.63

Table 2. Conservation release rates for New York City reservoirs in the Delaware River Basin.
, cubic feet per second]

Reservoir

Neversink

Pepacton

Cannons ville

Operative dates

January 1 to March 3 1
April 1-7
April 8-30
May 1 to September 30
October 1-31
November 1 to December 3 1

January 1 to March 3 1
April 1-7
April 8-30
May 1-31
June 1 to August 3 1
September 1-30
October 1-31
November 1 to December 3 1

January 1 to March 3 1
April 1-15
April 16 to May 31
June 1-14
June 15 to August 15
August 16 to September 15
September 16 to October 31
November 1-30
December 1-31

Conservation release rates
Basic
(ft3/s)

5
5

15
15
15

5

6
6

19
19
19
19
19
6

8
8

23
23
23
23
23
23

8

Augmented 
(ft3/*)
25
45
45
45
45
25

50
70
70
70
70
70
70
50

33
45
45
45

325
45
45
33
33

Experimental
(ft3/s)
25
25
25
53
25
25

45
45
45
70
95
70
45
45

45
45
45

160
160
160
45
45
45
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Table 6. Flood control releases from Pepacton Reservoir pursuant to DRBC Resolution 97-2 
[All values except elevation in million gallons (Mgal); elevation in feet above sea level (ft)]

Date 
1997

Jan. 27

28

29

30

31

Feb. 1

2

3

4

Elevation

1278.73

1278.70

1278.50

1278.26

1278.08

1277.83

1277.56

1277.28

1277.08

Storage

137,857

137,802

137,437

137,000

136,672

136,217

135,729

135,221

134,859

Storage more than 5

23

24

25

26

27

28

Mar. 1

2

3

4

1277.01

1277.59

1277.90

1278.09

1278.18

1278.58

1278.75

1279.13

1279.70

1280.11

134,732

135,783

136,345

136,690

136,854

137,583

137,893

138,590

139,638

140,394

Requested 
release

100

100

200

200

300

300

300

0

0

Actual 
release

101

100

201

207

304

293

287

35

30

Conser 
vation 
release

29

29

29

29

29

29

29

29

30

Flood 
control 
release

72

71

172

178

275

264

258

6

0

Cumulative 
flood control 

releases

72

143

315

493

768

1,032

1,290

1,296

1,296

Bgal below spillway level February 4 - 23, 1997.

0

200

300

350

500

300

0

29

198

290

353

498

306

29

29

29

29

29

29

0

169

261

324

469

277

1,296

1,465

1,726

2,050

2,519

2,796

Flood control releases stopped per Resolution 97-2

Reservoir spilling

Note: Target storage = 140,190 Mgal - 5,000 Mgal = 135,190 Mgal through the end of February.

Table 7. Design rates for the Delaware River at Montague, N.J.
gaging station December 1, 1996 to November 30, 1997

[f^/s, cubic feet per second]

Effective dates Montague Design Rate (f^/s)
December 1, 1996 to June 14,1997 
June 15 to August 9, 1997 
August 10 to October 29, 1997 
October 30 to November 15, 1997

1,750
1,850
1,750
1,655
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Table 9. Consumption of Water by New York City - 1950 to 1997 
Data furnished by New York City, Department of Environmental Protection

Bureau of Water Supply, Quality and Protection 
[Mgal/d, million gallons per day; Bgal, billion gallons]

Year
1950

51
52
53
54

1955
56
57
58
59

1960
61
62
63
64

1965
66
67
68
69

1970
71
72
73
74

1975
76
77
78
79

1980
81
82
83
84

1985
86
87
88
89

1990
91
92
93
94

1995
96
97

Average daily consumption

City Outside 
proper communities 

(Mgal/d) (Mgal/d)
953.3 29.1

1,041.9 28.1
1,087.0 32.7
1,093.9 44.6
1,063.4 46.3
1,109.9 45.3
1,111.3 48.9
1,169.0 57.2
1,152.9 49.6
1,204.3 60.3
1,199.4 58.9
1,221.0 64.0
1,207.6 68.8
1,218.0 76.7
1,189.2 79.4
1,052.1 71.2
1,044.9 73.2
1,135.3 71.0
1,242.0 78.2
1,328.7 80.1
1,400.3 90.4
1,423.6 87.9
1,412.4 83.0
1,448.9 95.4
1,441.8 96.3
1,415.0 92.1
1,435.0 95.8
1,483.0 104.7
1,479.4 103.0
1,513.0 104.6
1,506.3 110.1
1,309.5 100.0
1,383.0 104.8
1,424.2 112.6
1,465.2 113.9
1,325.4 106.5
1,351.1 115.2
1,447.1 119.8
1,484.3 125.6
1,402.0 113.4
1,424.4 122.4
1,469.9 123.6
1,368.7 113.9
1,368.9 118.8
1,357.8 119.2
1,326.1 123.1
1,283.5 120.2
1,201.3 123.5

Annual 
Total consumption 

(Mgal/d) (Bgal)
982.4 358.576

1,070.0 390.550
1,119.7 409.810
1,138.5 415.552
1,109.7 405.040
1,155.2 421.648
1,160.2 424.633
1,226.2 447.563
1,202.5 438.912
1,264.6 461.579
1,258.3 460.529
1,285.0 469.022
1,276.4 465.896
1,294.7 472.582
1,268.6 464.295
1,123.3 409.995
1,118.1 408.128
1,206.3 440.302
1,320.2 483.175
1,408.8 514.229
1,490.7 544.116
1,511.5 551.695
1,495.4 547.340
1,544.3 563.681
1,538.1 561.409
1,507.1 550.093
1,530.8 560.264
1,587.7 579.510
1,582.4 577.566
1,617.6 590.426
1,616.3 591.582
1,409.5 514.475
1,487.8 543.060
1,536.8 561.010
1,579.1 577.963
1,431.9 522.656
1,466.3 535.200
1,566.9 571.885
1,609.9 589.090
1,515.4 553.158
1,546.8 564.577
1,593.5 581.628
1,482.6 542.632
1,487.7 543.011
1,477.0 539.105
1,449.2 528.958
1,403.7 512.351
1,324.8 483.552
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QUALITY OF WATER IN THE DELAWARE RIVER ESTUARY
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Figure 6.- Location of water-quality monitoring sites in the Delaware River Estuary.
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Section III
QUALITY OF WATER IN THE DELAWARE RIVER ESTUARY 

By Andrew G. Reif and Hugh Darling

INTRODUCTION
This section describes the Delaware River Estuary water-quality monitoring program con 

ducted by the U.S. Geological Survey, in cooperation with the Delaware River Basin Commis 
sion, during the 1997 report year December 1, 1996 to November 30, 1997. Also presented are 
selected data collected for this program and a brief discussion of water-quality conditions during 
the year.

WATER-QUALITY MONITORING PROGRAM
As part of an ongoing program, the quality of water in the Delaware River and Estuary 

was monitored between Trenton, N.J., and Reedy Island Jetty, Del. Data were acquired continu 
ously by electronic instruments at five monitor sites one at Trenton upstream of the head of tide 
water and four in the estuary (fig. 6). At Fort Mifflin, the water was monitored for temperature and 
specific conductance. At the remaining sites, the water was monitored for temperature, specific 
conductance, dissolved oxygen, and pH.

From March to November, additional water-quality data were obtained twice monthly at 
18 sites between Fieldsboro, N.J., and the mouth of the Mahon River (fig. 6). At each of these 
sites, water samples were collected at the center of the Delaware River or Estuary channel. The 
samples were analyzed for various physical properties and chemical constituents including tem 
perature, chloride, alkalinity, specific conductance, dissolved oxygen, and pH.

Data obtained from the continuous monitoring sites are stored in the U.S. Geological Sur 
vey's National Water Information System (NWIS). The data also were distributed periodically to 
cooperators and published annually by the U.S. Geological Survey in the report "Water Resources 
Data for Pennsylvania, Volume 1, Delaware River Basin." Data for the 18 sites sampled twice 
monthly were collected by the State of Delaware for the Delaware River Basin Commission 
(DRBC). These data are available from the DRBC and from STORET, the U.S. Environmental 
Protection Agency's data storage system.

The data-collection activities described above were carried out in cooperation with the 
Delaware River Basin Commission, the Office of the Delaware River Master, and other federal, 
state, and county government agencies.
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ESTUAREVE WATER-QUALITY DATA FOR 1997 REPORT YEAR

Streamflow
Streamflow has a major influence on quality of water in the estuary. Increased streamflow 

usually results in improvements in water quality by limiting salt-water intrusion and reducing the 
concentration of dissolved chemical substances, both of which contribute to lower specific con 
ductance and chloride levels. Increased flow also aids in maintaining lower water temperature 
during warm periods and in supporting greater dissolved-oxygen levels. Increased streamflow is 
usually accompanied by increased overland runoff that carries additional nutrients to the estuary, 
however, which under certain conditions can lead to noxious algal blooms.

On the basis of streamflow records for the Delaware River at Trenton, mean monthly 
streamflow for the report year was least during October (3,206 frVs) and greatest during Decem 
ber (42,860 frVs) (table 19). During the 1997 report year, monthly mean streamflow was greater 
than the monthly mean for the period of record for December, January, and February and less than 
the monthly mean for the period of record for the remainder of the year. The annual mean stream- 
flow for the 1997 report year was greater than the long-term mean for the period of record 
(1913-1996).

Temperature
The temperature of water in the estuary has a profound influence on various physical, 

chemical, and biological properties of the water. In general, increases in water temperature have 
deleterious effects on water quality by reducing the saturation level of dissolved oxygen and 
increasing the rate of biological activity. The primary factors that control estuary water tempera 
ture are climatic, although various human activities also can have significant effects on water tem 
perature.

Records for the Benjamin Franklin Bridge monitoring station (Pier 12 North), Philadel 
phia, Pa., show that monthly mean temperatures for the period April to November 1997 were less 
than long-term means during May, June, August, September, and November and were greater 
than long-term means during the remaining months. The long-term mean is computed on the basis 
of water temperature records for the period from 1962 to 1996 (fig. 7). The maximum daily tem 
perature was 28.5 °C on July 17-19. The minimum daily temperature was 5.5 °C on December 
2-3.

Specific Conductance and Chloride Concentration
Specific conductance is a measure of the ability of a solution to conduct an electric cur 

rent. It can be used as an indicator of the amount of ionized material in solution and can be related 
quantitatively to dissolved-solids content. Specific conductance levels in water bodies usually 
reflect the geochemical composition of the contributing drainage basins; however, contaminants 
and the intrusion of oceanic salts also can have a considerable effect on specific conductance. 
Increasing streamflow generally reduces the concentration of dissolved solids, thus lowering spe 
cific conductance and chloride concentration. Decreasing flows have the opposite effect.
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In the Delaware Estuary, the intrusion of oceanic salts is of concern to those who use the 
estuary for water supply. For this reason, chloride concentration is of particular interest. Water 
with chloride concentrations in excess of 250 mg/L (milligrams per liter) is usually considered 
undesirable for domestic use, and water with concentrations in excess of 50 mg/L is unsatisfac 
tory for some industrial uses.

Sea water has a chloride concentration of approximately 19,000 mg/L, so the proximity of 
the sea in relation to a water body can influence chloride concentrations in the water body. For 
this reason, chloride concentrations in the Delaware Estuary generally increase with distance 
downstream, in the direction of Delaware Bay and the Atlantic Ocean.

Chloride concentration was not measured directly at Fort Mifflin, Pa. and Reedy Island 
Jetty, Del., but was estimated through use of a correlation between specific conductance and chlo 
ride concentration. This correlation was developed on the basis of analyses of water samples col 
lected from the estuary. Chloride concentrations estimated from that correlation are presented in 
tables 20 and 21. The correlation is less reliable when chloride concentrations are less than 
30 mg/L because other ionized substances may be present in amounts large enough to affect the 
conductance-chloride correlation. Thus, chloride concentrations estimated from specific conduc 
tance measurements are not presented when estimated values are less than 30 mg/L. Instead, esti 
mated values less than 30 mg/L are reported as < 30 mg/L. Chloride concentrations at Chester, 
Pa., (table 22) were furnished by Kimberly Clark Chester Operations.

At Fort Mifflin, the maximum estimated daily chloride concentration for the period April 
1 to November 30 was 119 mg/L, on October 19 (table 20). The maximum estimated daily chlo 
ride concentration for the period exceeded the 50 mg/L threshold 17 percent of the time. The min 
imum estimated daily chloride concentration for the same period was < 30 mg/L (table 20). The 
minimum estimated daily chloride concentration for the period exceeded the 50 mg/L threshold 4 
percent of the time. From April to July, minimum estimated chloride concentrations typically 
ranged from < 30 to 40 mg/L and maximum estimated chloride concentrations typically ranged 
from 30 to 50 mg/L. From August to November, minimum estimated chloride concentrations typ 
ically ranged from 30 to 50 mg/L and maximum estimated chloride concentrations typically 
ranged from 35 to 100 mg/L.

At Chester, the maximum daily chloride concentration was 385 mg/L on October 17 (table 
22). The maximum daily chloride concentration for the period exceeded the 50 mg/L threshold 55 
percent of the time. The minimum daily chloride concentration was 10 mg/L on December 13 
(table 22). The minimurn daily chloride concentration for the period exceeded the 50 mg/L 
threshold 41 percent of the time. From December to June, minimum chloride concentrations at 
Chester typically ranged from 20 to 50 mg/L and maximum chloride concentrations typically 
ranged from 30 to 80 mg/L. From July to November, rninimum chloride concentrations typically 
ranged from 40 to 240 mg/L and maximum chloride concentrations typically ranged from 50 to 
300 mg/L.
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At Reedy Island Jetty, the maximum estimated daily chloride concentration was 8,450 
mg/L on November 14 (table 21). The maximum estimated daily chloride concentration for the 
period exceeded the 1,000 mg/L threshold 82 percent of the time. The minimum estimated daily 
chloride concentration for the period April 1 to November 30 was 38 mg/L on December 27 (table 
21). The minimum estimated daily chloride concentration for the period exceeded the 1,000 mg/L 
threshold 51 percent of the time. From December to May, minimum estimated chloride concentra 
tions at Reedy Island Jetty typically ranged from 40 to 1,500 mg/L and maximum estimated chlo 
ride concentrations typically ranged from 60 to 4,000 mg/L. From June to November, minimum 
estimated chloride concentrations typically ranged from 1,000 to 5,000 mg/L and maximum esti 
mated chloride concentrations typically ranged from 3,000 to 8,000 mg/L. Estimated chloride 
concentrations were smallest in December as a result of above-normal streamflow.

Dissolved Oxygen
Dissolved oxygen in water is necessary for the respiration processes of aquatic organisms. 

It also has an important role in chemical reactions in aquatic environments. The major sources of 
dissolved oxygen in water are diffusion from the atmosphere and photosynthesis by aquatic 
plants. The principal factors that affect dissolved-oxygen concentrations are water temperature, 
point and nonpoint biochemical oxygen demand (BOD), fresh-water inflow to the estuary, phy- 
toplankton, turbidity, salinity, and tidal-and wind-driven mixing. The concentrations of dissolved 
oxygen in the estuary generally are greatest near Trenton and tend to decrease with distance 
downstream to a point near or downstream from the Benjamin Franklin Bridge, where minimum 
concentrations usually are reached.

Dissolved-oxygen concentration has been measured by the U.S. Geological Survey at var 
ious monitor sites on the Delaware Estuary since 1962. Two of these sites, Benjamin Franklin 
Bridge at Philadelphia, Pa., and Chester, Pa., (fig. 6) have nearly continuous records and are in the 
reach of the estuary that has been most affected by contaminant loadings. Patterns of dis 
solved-oxygen concentration from 1965 to 1997 at these two locations are shown in figure 8. A 
marked improvement in dissolved oxygen concentrations with time is apparent. Although concen 
trations increased significantly during this period, substantial variation in monthly means 
occurred from year to year. The low dissolved-oxygen concentrations during 1976-81 at the Ben 
jamin Franklin Bridge site may reflect the construction of secondary treatment facilities at Phila 
delphia's wastewater treatment plants. Although three upgraded wastewater treatment plants in 
Philadelphia were fully operational by fall 1986, dissolved-oxygen concentrations continued to 
increase after 1986. Some BOD may be from bottom sediments that gradually are being oxidized. 
If this is the case, then some future increases in dissolved-oxygen concentrations may occur even 
without further improvements to wastewater treatment plants, as BOD in bottom sediments is fur 
ther depleted.

During the report year, daily mean dissolved-oxygen concentration at the Benjamin Fran 
klin Bridge was less than 5 mg/L from June 22 to July 8 (table 23). The minimum daily mean was 
4.3 mg/L on June 25 and 26. The minimum hourly value was 3.9 mg/L on June 26. At Chester, the 
daily mean dissolved-oxygen concentration was less than 5 mg/L from July 3 to July 12, on July
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27, and from August 22 to August 24 (table 24). The smallest daily mean was 4.5 mg/L on July 5 
and 6 and August 22. The minimum hourly value was 4.3 mg/L on July 6.

The temporal distribution of hourly dissolved-oxygen concentrations at the Benjamin 
Franklin Bridge and Chester during the critical summer period July to September 1997~is 
shown in figure 9. At the Benjamin Franklin Bridge, no dissolved-oxygen concentrations less than 
4 mg/L were measured in 1997. Concentrations less than 4mg/L were measured 13 percent of the 
time in 1996, 1 percent of the time in 1995, and 15 percent of the time in 1994. From April to 
early June and again from October to November, minimum daily mean dissolved-oxygen concen 
trations are typically greater than 6.0 mg/L. At Chester, no dissolved-oxygen concentrations less 
than 4 mg/L were measured in 1997. Concentrations less than 4 mg/L were measured 0.1 percent 
of the time in 1996,3 percent of the time in 1995, and 2 percent of the time in 1994. From April to 
early June and from September to November, minimum daily mean dissolved-oxygen concentra 
tions were typically greater than 6.0 mg/L.

Hydrogen-Ion Activity (pH)

Values of pH (hydrogen-ion activity) less than 7 indicate acidic water, whereas values 
greater than 7 indicate alkaline water. In natural waters, pH generally ranges from 6.0 to 8.5. 
Commonly, the major factors controlling the pH of a water body are the geochemical characteris 
tics of the contributing drainage basins and external influences including contaminants introduced 
by human activities. Photosynthetic activity also can affect pH. Increased photosynthetic activity 
(for example, algal blooms) results in increased pH. All pH values measured at the Benjamin 
Franklin Bridge, Chester, and Reedy Island Jetty were in a range from 6.7 to 7.9. These values are 
not considered stressful to aquatic life. The pH range by individual station is: Benjamin Franklin 
Bridge, 6.7 to 7.5; Chester, 6.7 to 7.5; Reedy Island Jetty, 7.0 to 7.9. The pH of water in the estu 
ary generally is lowest near Trenton, N.J. and tends to increase with distance downstream.
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BENJAMIN FRANKLIN BRIDGE 

CHESTER

4.1-4.5 4.6-5.0 5.1-5.5 5.6-6.0 6.1-6.5 6.6-7.0 7.1-7.5 7.6-8.0 8.1-8.5

HOURLY DISSOLVED OXYGEN CONCENTRATION, IN 
INCREMENTS OF 0.5 MILLIGRAMS PER LITER

Figure 9.- Temporal distribution of dissolved-oxygen concentration at two monitor stations on the 
Delaware River, July to September 1997.

78



T
ab

le
 1

9.
 

D
ai

ly
 m

ea
n 

di
sc

ha
rg

e,
 D

el
aw

ar
e 

R
iv

er
 a

t T
re

nt
on

, N
.J

. (
U

SG
S 

st
at

io
n 

nu
m

be
r 

01
46

35
00

),
fo

r t
he

 y
ea

r 
en

di
ng

 N
ov

em
be

r 3
0,

 1
99

7
(U

.S
. 

G
eo

lo
gi

ca
l 

Su
rv

ey
 p

re
lim

in
ar

y 
re

co
rd

)
[A

ll 
va

lu
es

, e
xc

ep
t t

ot
al

, 
in

 c
ub

ic
 fe

et
 p

er
 s

ec
on

d,
 ft

3/
s;

 to
ta

l i
n 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d 
da

ys
, f

t3
/s

 .d
]

Da
y 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 To

ta
l

Me
an

De
ce

mb
er

19
10

0
62

70
0

92
10

0
76

90
0

56
30

0
52

90
0

52
50

0
52

80
0

42
90
0

36
50

0
31

10
0

29
50

0
32

70
0

74
60

0
68

80
0

58
00

49
60
0

43
90
0

44
20
0

43
00

0
37

70
0

32
20

0
28

70
0

26
20

0
29

90
0

30
30

0
29

20
0

25
90

0
23

60
0

22
40

0
22

50
0

13
28

70
0

42
86

0

Ja
nu
ar
y

22
10

0
19

60
0

18
30

0
18

00
0

17
30

0
17

20
0

16
90

0
16

40
0

15
20

0
13

80
0

13
30

0
12

60
0

12
10

0
12

10
0

11
10

0
11

90
0

12
90

0
10

50
0

e9
47

0
e9

13
0

el
Ol

OO
el
lO
OO

el
!9
00

12
70

0
23
90
0

19
20

0

13
00

0
15

40
0

17
40

0
13

00
0

11
40

0
44
89
00

14
48

0

Fe
br
ua
ry

11
20
0

11
30

0
10
60
0

10
40
0

14
90
0

19
30
0

16
00

0
14
20
0

12
70

0
11
20
0

10
20
0

95
80

91
40

94
50

10
80
0

10
80

0
92

60
87

00
86

00
95

40
11

30
0

13
00
0

16
90
0

25
90

0
24

00
0

21
00

0

18
40
0

17
50
0

37
58
70

13
42

0

Ma
rc

h
20
40
0

20
30
0

18
70
0

21
70
0

21
20
0

20
70
0

24
50
0

26
00
0

22
10

0
19

80
0

19
10
0

18
40
0

16
90
0

17
00

0
27
60
0

23
60
0

20
10

0
17
80
0

16
50
0

15
50
0

14
70

0
14

10
0

13
30

0
12

60
0

12
10

0
11

90
0

13
70

0
15

20
0

15
20
0

15
70
0

20
40

0
56

68
00

18
28

0

Ap
ri
l

30
50
0

35
00

32
40
0

31
80
0

33
20
0

32
70
0

31
10

0
29

20
0

26
60

0
23

30
0

20
70
0

18
40
0

19
00
0

18
60
0

17
60

0
16

40
0

14
70
0

14
70

0
14
20
0

13
60
0

12
60
0

11
90

0
11

50
0

11
10

0
10

20
0

99
90

94
90

10
20
0

11
40

0
12

70
0

58
47
80

19
49

0

Ma
y

12
10
0

11
00

0
11
20
0

13
50
0

16
30
0

17
70
0

16
10
0

15
30
0

15
20

0
14
60
0

13
90
0

13
70
0

13
20
0

12
60

0
11

80
0

10
90
0

10
10
0

94
90

91
80

95
20

11
70

0
14
70
0

13
10
0

12
00
0

11
80
0

13
50

0

11
50
0

10
20

0
91

80
83

20
73

60
38

07
50

12
28
0

Ju
ne

70
50

68
70

98
40

10
50
0

10
40

0
88

20
77
60

69
10

62
60

57
80

54
80

53
50

53
50

52
80

50
60

46
90

44
90

41
50

47
20

54
60

48
80

45
10

43
70

42
10

40
60

41
00

39
40

42
00

38
60

40
60

17
24
10

57
47

Ju
ly

39
70

35
20

37
80

38
30

37
20

37
40

32
60

31
10

32
30

41
00

45
40

40
20

36
00

33
20

33
20

35
30

33
10

31
40

30
70

33
10

30
40

35
10

40
40

73
60

13
00

0
66

80
46

60
38

60
39

00
37

10
34

80
12
86
60

41
50

Au
gu

st
32

40
30

60
31

90
33

10
36

50
36

20
33

10
31

80
31

90
29

50
28

10
27

50
26

90
27

10
30

30
31

80
35

60
42

60
54

60
56
20

67
20

68
70

53
20

46
50

39
30

35
80

33
30

33
20

40
00

38
10

41
50

11
84
50

38
21

Se
pt
em
be
r

38
10

36
70

38
20

35
10

33
30

29
30

29
70

25
90

26
60

28
50

31
70

14
20

0
13

10
0

11
00

0
87
30

68
70

57
40

52
10

48
20

44
10

42
80

41
10

36
20

34
20

35
90

33
10

32
00

31
70

31
40

31
80

14
44
10

48
14

Oc
to

be
r

32
40

32
20

31
30

33
50

36
70

31
30

29
40

29
90

38
30

36
80

31
70

27
50

27
70

27
90

29
50

31
60

32
80

31
80

31
00

30
60

29
70

29
60

29
40

29
40

31
50

35
20

39
60

37
80

36
60

31
80

29
30

99
38
0

32
06

No
ve
mb
er

33
40

42
70

52
50

56
10

56
50

59
00

51
20

46
30

43
20

44
80

48
50

64
90

61
00

55
00

56
70

58
40

51
20

48
40

45
10

41
90

40
20

44
80

48
20

55
40

72
40

73
60

67
60

62
60

61
20

64
30

16
03
50

53
45

e,
 E

st
im

at
ed

Y
ea

r 
to

ta
l 

= 
4,

50
9,

46
0 

(f
t3

/s
).

 d
M

ea
n 

12
,3

54
 f

t3
/s



oo o

T
ab

le
 2

0.
 D

ai
ly

 m
ax

im
um

 a
nd

 m
in

im
um

 c
hl

or
id

e 
co

nc
en

tr
at

io
ns

, D
el

aw
ar

e 
R

iv
er

 a
t F

or
t 

M
if

fl
in

, P
a.

, A
pr

il 
1,

 1
99

7,
 to

 N
ov

em
be

r 3
0,

 1
99

7,
 e

st
im

at
ed

 f
ro

m
 m

ea
su

re
d 

sp
ec

if
ic

 c
on

du
ct

an
ce

m
ea

su
re

m
en

ts
.

[A
ll 

va
lu

es
 in

 m
ill

ig
ra

m
s 

pe
r 

lit
er

; M
on

ito
r w

as
 n

ot
 in

 o
pe

ra
tio

n 
D

ec
em

be
r 

1,
19

96
, t

o 
M

ar
ch

 3
1,

19
97

; 
--,

 m
is

si
ng

 d
at

a;
 

*, 
le

ss
 th

an
 3

0 
m

ill
ig

ra
m

s 
pe

r l
ite

r; 
M

ax
, 

m
ax

im
um

 v
al

ue
; M

in
, 

m
in

im
um

 v
al

ue
]

Da
te 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Ap
ri
l

Ma
x

39 35 32 ^ * * * * * * * 30 34 35 33 33 33 31 * 31 39 38 * 37 39 36 34 35 36 34

Mi
n * * * * * * * * * * * * * * * * ^ * * * * * ^ * * * * * * *

Ma
y

Ma
x

35 34 31 36 38 39 37 34 34 40 38 35 38 34 35 41 30 34 33 35 34 34 32 32 38 49 44 36 32 * *

Mi
n ^ * * * * * * * * * * if * * * * * * * * * * * * * * * * * * »

Ju
ne

Ma
x 

1 
Mi
n

* 
*

30
 

*
44
 

*

46
 

*
33
 

*
* 

*
* 

*
* 

*

30
 

*
* 

*

* 
*

* 
*

* 
*

* 
*

if 
*

* 
*

* 
*

* 
*

* 
*

32
 

*
36

 
*

33
 

*
33
 

*
31
 

*
.. .. .. 32
 

*
31 31
 

*

Ju
ly

Ma
x 

| 
Mi

n
31
 

*
32

 
*

38
 

*
40

 
*

39
 

30
37
 

30
39
 

31
38
 

31
39
 

31
45
 

32

46
 

33
43
 

32
42

 
33

42
 

32
40

 
34

39
 

35
  .. ._ _ 45
 

37
47

 
38

55
 

38
58
 

38
43
 

33
37

 
30

36
 

31
35
 

30
36 36

 
30

Au
gu

st
Ma

x 
1 
Mi

n
36

 
*

37
 

30
38
 

31
37

 
32

40
 

33
42
 

34

38
 

33
36

 
33

37
 

32

37
 

32

37
 

32

39
 

32
40

 
34

44
 

35
44
 

36
49

 
35

45
 

38
47

 
38

51
 

38
49

 
36

59
 

38
55
 

38
43

 
35

42
 

33
39

 
33

37
 

32
39

 
33

40
 

34
40

 
34

41
 

36
42

 
36

Se
pt
em
be
r

Ma
x

41 41 42 41 43 44 42 43 44 47 53 59 47 43 38 38 36 38 36 36 35 36 36 37 - - 40 40 44 48

Mi
n

35 36 36 37 37 36 37 38 38 38 40 39 36 33 31 30 * 30 30 30 30 31 32 32 - - 35 33 35 36

Oc
to
be
r

Ma
x

46 45 46 43 45 44 44 46 47 50 52 51 55 59 59 58 81 10
2

11
9

95 10
3

87 86 87 79 90 91 79 58 56 60

Mi
n

35 36 36 38 37 38 35 37 39 43 36 40 43 44 46 46 48 50 50 53 54 54 52 49 52 53 55 48 47 48 47

No
ve
mb
er

Ma
x

97 83 59 55 51 49 51 74 51 52 47 45 43 51 49 51 41 37 42 42 41 45 43 48 40 38 45 36 41 38

Mi
n

49 43 45 43 40 40 40 41 38 37 38 33 35 34 34 » 30 30 32 36 36 35 36 30 33 32 30 * 30 30



T
ab

le
 2

1.
 

D
ai

ly
 m

ax
im

um
 a

nd
 m

in
im

um
 c

hl
or

id
e 

co
nc

en
tr

at
io

ns
, D

el
aw

ar
e 

R
iv

er
 a

t R
ee

dy
 I

sl
an

d 
Je

tty
, D

el
.,

D
ec

em
be

r 
1,

 1
99

6,
 to

 N
ov

em
be

r 
30

, 
19

97
, e

st
im

at
ed

 f
ro

m
 m

ea
su

re
d 

sp
ec

if
ic

 c
on

du
ct

an
ce

 m
ea

su
re

m
en

ts
[A

ll 
va

lu
es

 in
 m

ill
ig

ra
m

s 
pe

r l
ite

r; 
--,

 m
is

si
ng

 d
at

a;
 *

, l
es

s 
th

an
 3

0 
m

ill
ig

ra
m

s 
pe

r l
ite

r; 
M

ax
, 

m
ax

im
um

 v
al

ue
; 

M
in

, m
in

im
um

 v
al

ue
]

Da
te 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

De
ce
mb
er

Ma
x

18
32

14
96

12
8

88 20
2

99
1

10
28 - 91 23
4

10
0

53 46
5

60 59 52 48 52 88 10
5

11
1

94 74 55 82 88 60 60 53 74 85

Mi
n

29
1

11
4

59 57 59 55 59 - 59 57 52 43 43 50 48 47 42 43 52 80 55 57 40 42 52 57 38 52 45 47 57

Ja
nu
ar
y 

Fe
br

Ma
x 

1 
Mi

n 
Ma

x
25
6 

85
 

16
71

29
1 

52
 

19
37

83
9 

45

13
28
 

55
19
06
 

11
1

17
76
 

19
9

12
90
 

16
8

53
8 

11
7

16
19

 
11

7

19
20
 

22
5

66
7 

21
4

36
0 

19
7

46
5 

16
2

13
77
 

16
5

20
46

 
17
7

21
72
 

25
1

74
9 

19
4

14
96
 

19
9

33
2 

22
2

27
6 

25
1

27
1 

23
1

27
6 

24
2

24
8 

91
28
93
 

10
8

36
02

 
72
4

16
01
 

39
7

13
81
 

42
0

15
70
 

38
0

67
6 

30
7

94
6 

29
1

17
13
 

29
4

ua
ry

 
Ma

rc
h

Mi
n 

Ma
x

33
5

31
0 ..   ..   ..   _.  

39
4

14
7

  

53
8

14
54

16
78

17
59

17
38

17
48

19
86

13
00

12
97

61
4

48
7

12
34

70
7

85
9

Mi
n - -- - - - - - - - - - - - 94 55 - - * 40 12
2

13
7

19
9

20
8

21
7

21
4

17
9

13
4

12
5

16
5

80 52

Ap
ri

l

Ma
x 

1 
Mi

n
24
90
 

52
39

50
 

55
7

40
29

 
71
2

35
10
 

55
5

31
41

 
56
0

22
80
 

39
1

21
02
 

33
8

17
17
 

29
1

11
46

 
23
7

12
09
 

18
5

18
25

 
15
4

14
23

 
*

14
79

 
23
4

12
16
 

21
3

18
46
 

22
8

22
66
 

36
0

24
10
 

43
6

28
09
 

42
0

43
75
 

51
0

47
00

 
13
07

44
40

 
13

18
40
58
 

13
74

43
00

 
14
79

41
45
 

15
98

46
00

 
15
21

40
00

 
13
77

36
19
 

12
83

38
00

 
14
05

31
06

 
98
5

29
31

 
10
53

Ma
y

Ma
x

26
13

22
94

22
59

22
45

22
45

25
01

16
12

14
26

17
80

17
24

15
94

22
28

18
67

24
94

26
76

23
08

25
53

32
01

34
37

34
37

31
27

31
66

35
85

36
19

36
87

28
44

31
90

31
24

22
63

21
02

25
50

Mi
n

10
13

77
1

75
7

56
6

52
6

49
6

35
8

28
8

31
3

32
7

28
8

31
8

27
9

32
1

48
4

43
9

46
5

43
6

59
4

70
7

74
9

75
2

74
6

79
1

92
9

80
8

74
9

70
4

77
4

73
8

64
2

Ju
ne

Ma
x

22
07 ~ - - - - -

33
64

34
37

32
18

29
63

32
91 - - - - - ~ -

43
00

42
00

41
16

39
25

41
16

43
00

40
00

39
75

43
50

43
50

43
25

Mi
n

65
0 ~ - ~ - - -

11
43

10
61

10
30

10
05

10
30 - -  - - - -

16
26

16
89

15
87

14
65

15
28

16
15

17
13

17
66

19
37

20
60

20
95

Ju
ly

Ma
x 

I 
Mi

n
43
75
 

20
53

47
00

 
19
83

47
00

 
19
51

43
75

 
17
90

41
74

 
17
76

41
45

 
18
08

43
75

 
18
92

43
75

 
19
06

44
00

 
20
25

39
00

 
19
48

46
00

 
19
62

43
00

 
20
70

47
00

 
19
48

52
17

 
22
73

59
00
 

23
33

56
00

 
21
37

57
50

 
25
22

57
50

 
23

61
55

50
 

25
39

59
72
 

29
10

63
75
 

30
68

63
50

 
31
24

62
75
 

31
59

59
27

 
31
10

62
75
 

27
70

57
50

 
24
80

51
24
 

25
39

43
75
 

21
72

43
50

 
22

31
50
93
 

24
03

52
17

 
25
39

Au
gu

st
 

Se
pt
e

Ma
x 

1 
Mi

n 
Ma

x
52

17
 

26
44

50
62
 

26
58

47
50

 
27
39

51
24
 

27
88

53
70
 

30
92

55
00

 
32

04
53

70
 

30
50

 
69
19

59
72
 

36
19

 
68
68

64
00

 
35

10
 

68
51

59
81

 
36

36
 

63
75

59
00
 

30
92

59
81

 
30

08
59
00
 

35
10

59
09

 
30

99
60

00
 

32
18

59
18
 

30
15

53
10
 

27
32

54
00

 
28
72

57
50

 
30

26
57

50
 

30
40

 

65
00

 
36

19
55
00
 

32
18

52
80

 
33

64
56

00
 

32
08

57
50

 
34

37
59

09
 

35
10

59
00

 
34

37
59
00
 

33
64

.. -

mb
er

 
Oc
to
be
r

Mi
n 

Ma
x

- ..  ..  
58
25

38
50

 
62

50
36

87
 

63
75

39
00

 
66
00

41
45
 

68
17

69
36

68
51

67
75

66
00

68
34

69
36

74
33

-
 

68
17

72
66

72
66

69
87

59
81

68
34

64
50

-
 

63
00

69
53

74
00

60
00

59
72

62
75

68
68

Mi
n - - -- -- -

34
37

32
91

35
10

36
53

36
53

38
00

38
50

40
29

40
58

39
75

39
25

40
87

40
00

44
00

43
75

42
00

44
00

43
00

42
00

40
87

43
25

46
00

40
29

39
75

39
25

39
25

No
ve

mb
er

Ma
x

69
87

69
87

63
00

60
00

59
27

59
72

74
66

80
00

74
33

68
34

69
36

69
07

71
33

84
50

78
58

68
85

59
54

62
50

63
25

59
81

63
00

59
81

69
87

64
50

68
51

64
00

54
00

63
50

68
68

67
50

Mi
n

43
00

43
25

40
58

38
75

38
00

38
00

40
29

52
50

45
20

46
50

44
80

44
80

44
80

52
50

50
62

41
16

43
25

43
25

43
75

45
20

44
00

44
40

41
45

40
58

36
53

32
18

27
04

26
79

29
07

31
48



to

Ta
bl

e 
22

. 
D

ai
ly

 m
ax

im
um

 a
nd

 m
in

im
um

 m
ea

su
re

d 
ch

lo
rid

e 
co

nc
en

tra
tio

ns
, D

el
aw

ar
e 

R
iv

er
 a

t C
he

st
er

, P
a.

,
D

ec
em

be
r 

1,
 1

99
6,

 t
o

 N
o

ve
m

b
e

r 
3

0
,1

9
9

7
 

[C
ol

le
ct

io
n 

an
d 

an
al

ys
is

 b
y 

Ki
m

be
rly

 C
la

rk
 C

he
st

er
 O

pe
ra

tio
ns

; A
ll 

va
lu

es
 in

 m
illi

gr
am

s 
pe

r l
ite

r; 
--,

 m
is

si
ng

 d
at

a;
 M

ax
, m

ax
im

um
 v

al
ue

; M
in

, m
in

im
um

 v
al

ue
]

Da
te 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

De
ce

mb
er

Ma
x

81 38 42 47 40 40 26 28 47 28 46 52 30 28 22 24 32 35 32 30 36 30 47 36 -- -  52 36 71 43

Mi
n

34 32 34 22 25 35 20 22 32 24 18 33 10 18 12 19 20 19 11 18 20 26 28 28 -- - - 28 28 34 30

Ja
nu
ar
y

Ma
x

34 55 26 26 32 40 41 48 46 54 76 65 44 46 58 58 76 60 53 49 50 47 53 53 76 45 40 42 42 47 40

Mi
n

28 29 20 23 22 22 26 30 24 20 35 39 32 36 35 32 40 32 31 34 35 35 32 36 36 31 35 34 34 36 36

Fe
br
ua
ry

Ma
x

43 42 50 46 56 50 61 42 46 74 52 51 60 54 70 70 62 60 59 55 72 61 52 52 52 50 50 48

Mi
n

28 32 32 31 38 31 37 31 35 38 40 38 42 40 46 49 53 46 52 50 54 50 46 46 46 46 46 46

Ma
rc

h
Ma

x 
| 
Mi

n
50

 
39

50
 

19
41
 

33
60

 
30

68
 

32
43
 

34
42
 

35
60

 
30

68
 

32
43
 

34
42

 
35

46
 

36
48
 

25
44
 

32
32
 

28
51

 
21

36
 

20
42

 
28

36
 

29
39

 
32

56
 

38
61
 

30
46

 
42

54
 

44
47
 

36
41
 

36
40
 

35
46
 

42
48
 

42
46
 

41
44
 

36

Ap
ri
l

Ma
x 

| 
Mi
n

90
 

52
48

 
37

42
 

36
37
 

34
45
 

34
42
 

35
40

 
36

37
 

30
42
 

34
36
 

30
38
 

25
51

 
28

50
 

28
41

 
28

36
 

25
37
 

25
30

 
26

60
 

37
42
 

36
43
 

28
46
 

26
40
 

28
40
 

30
38
 

35
35
 

30
34
 

30
36
 

33
44
 

33
36
 

26
36
 

22

Ma
y

Ma
x 

| 
Mi

n
36
 

31
40

 
30

40
 

34
35
 

34
43
 

32
42
 

36
41

 
31

36
 

32
34
 

30
41

 
32

43
 

30
36
 

25
44
 

32
34

 
32

38
 

30
38
 

28
45
 

28
40
 

34
36

 
32

42
 

32
40

 
34

48
 

34
38
 

34
42
 

38
48
 

35
44
 

33
42

 
30

40
 

36
40

 
35

41
 

37
38

 
32

Ju
ne

Ma
x 

| 
Mi
n

38
 

35
35
 

30
36
 

32
36

 
29

36
 

31
38
 

32
37
 

32
38
 

32
41

 
34

48
 

36
40
 

36
40
 

32
40

 
36

38
 

36
40

 
30

36
 

32
40
 

35
36
 

34
40

 
35

45
 

35
40

 
36

48
 

40
46
 

40
46
 

40
44
 

38
42
 

38
44
 

40
47
 

40
53
 

40
51
 

46

Ju
ly

Ma
x 

1 
Mi

n
48
 

42
60

 
48

54
 

46
58

 
44

56
 

44
59
 

46
56
 

48
56
 

46
65
 

54
65
 

52
66
 

52
69

 
56

66
 

48
72

 
66

66
 

62
78

 
62

86
 

62
80
 

60
85
 

56
89
 

52
13
0 

68
15
0 

72
11

0 
78

14
5 

88
11
2 

70
92
 

68
92

 
66

72
 

65
85
 

67
66
 

60
68

 
54

Au
gu
st

Ma
x 

1 
Mi

n
65

 
52

88
 

63
72

 
64

84
 

66
68

 
60

68
 

54
69

 
59

72
 

60
86

 
64

11
6 

66
88
 

68
88
 

72
92

 
68

10
5 

68
12
5 

10
0

13
0 

10
2

16
0 

95
16
5 

88
12
8 

12
0

19
0 

84
14
0 

86
13
4 

90
13

0 
92

12
0 

92
11

5 
92

11
0 

96
12

0 
70

13
5 

80
10
0 

88
11

0 
92

11
0 

96

Se
pt

em
be

r
Ma

x 
1 
Mi
n

15
0 

95
14

5 
90

13
5 

85
12
5 

85
12
8 

95
13
5 

10
0

12
6 

10
0

13
8 

10
0

15
0 

10
0

16
7 

11
2

13
0 

10
2

14
0 

11
1

13
6 

12
4

11
4 

82
11
0 

65
11
5 

75
10

0 
80

92
 

75
11
5 

81
13
3 

91
13
0 

76
12
7 

90
12
0 

96
11
6 

10
0

11
0 

92
10
0 

62
10
0 

84
12

1 
96

11
0 

98
14
0 

90

Oc
to

be
r

Ma
x 

| 
Mi
n

16
0 

11
6

13
8 

11
6

16
8 

98
13

2 
88

12
2 

94
14

4 
10

8
13
8 

10
8

27
7 

12
2

25
5 

12
8

25
0 

18
3

20
0 

17
8

25
0 

17
8

25
0 

15
6

20
0 

13
2

20
0 

15
0

23
5 

10
2

38
5 

12
5

25
0 

21
0

25
0 

20
2

31
4 

20
0

28
0 

24
0

26
0 

18
6

27
0 

19
1

33
8 

21
2

25
0 

22
0

34
8 

23
6

29
0 

21
6

26
6 

16
8

24
0 

20
2

22
5 

17
4

25
0 

16
4

No
ve

mb
er

Ma
x 

| 
Mi
n

25
0 

20
6

25
0 

23
1

25
0 

24
6

25
0 

21
0

24
0 

22
0

21
5 

18
8

25
0 

19
2

25
0 

20
8

25
0 

19
6

27
0 

24
2

25
0 

22
0

24
6 

18
8

25
0 

14
4

19
0 

14
6

23
0 

18
2

22
5 

13
0

17
0 

11
0

21
0 

11
3

19
0 

11
5

24
6 

13
5

24
6 

14
5

24
0 

11
5

18
6 

11
6

14
0 

11
6

13
6 

90
11
5 

90
11

0 
85

11
0 

71
11
8 

87
12
4 

80



0
0

 
U

)

Ta
bl

e 
23

. 
D

ai
ly

 m
ea

n 
di

ss
ol

ve
d 

ox
yg

en
, D

el
aw

ar
e 

R
iv

er
 a

t B
en

ja
m

in
 F

ra
nk

lin
 B

rid
ge

 a
t

Ph
ila

de
lp

hi
a,

 P
a.

, A
pr

il 
1,

 1
99

7,
 to

 N
ov

em
be

r 
30

, 
19

97
 

[A
ll 

va
lu

es
 in

 m
ill

ig
ra

m
s p

er
 li

ter
; M

on
ito

r w
as

 n
ot

 in
 o

pe
ra

tio
n 

D
ec

em
be

r 1
,1

99
6 

to
 M

ar
ch

 3
1,

19
97

; -
-, 

m
iss

in
g 

da
ta

]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

A
pr

il

10
.8

10
.6

10
.4

10
.8

11
.1

11
.2

11
.0

10
.6

10
.3

10
.2

10
.2

10
.0

9.
9

10
.3

10
.5 -- 10
.5

10
.3

10
.2

10
.2

10
.0

9.
8 - 9.
8

9.
9

10
.0 - 10
.1 - --

M
ay -- - - - - 9.
1

9.
0

9.
0

9.
0

8.
9

9.
1

9.
7

9.
8

9.
8

10
.0

10
.3

10
.7

10
.9

10
.9

11
.0

11
.0

10
.8

10
.5

10
.6

11
.0

9.
8

9.
7

9.
5

9.
2

9.
3

9.
2

Ju
ne 8.
9

8.
6

8.
2

8.
0

7.
7

7.
5

7.
2

6.
8

6.
5

6.
0

5.
6

5.
2

5.
3

5.
3

5.
5

5.
7

5.
9

5.
7

5.
3

5.
2

5.
1

4.
9

4.
7

4.
5

4.
3

4.
3

4.
4

4.
6 - -

Ju
ly ~ - 4.
4

4.
4

4.
6

4.
6

4.
7

4.
7

5.
0

5.
1

5.
5

6.
1

6.
2

6.
2

6.
1

6.
1

5.
9

5.
8

5.
7

5.
8 - - - -- - - - 5.
7

5.
9

6.
6

6.
8

A
ug

us
t

6.
9

6.
6

6.
3

6.
1

6.
1

6.
3

6.
4

6.
8

7.
1

7.
2

7.
3

7.
1

6.
7

6.
4

6.
2

6.
3

6.
2 - -- -- - -- - -- -- - - - 5.
8

5.
5

5.
5

Se
pt

em
be

r
5.

5

5.
2

5.
1

5.
3

5.
4

5.
4

5.
5

5.
6

5.
7

5.
2

5.
0

5.
1

5.
5

6.
0

6.
1

6.
2

6.
6

6.
6

6.
4

7.
1

6.
8

6.
9

6.
5

6.
4

6.
0

5.
7

5.
8

5.
8

5.
7

5.
8

O
ct

ob
er

5.
7

5.
8

5.
9

6.
1

6.
3

6.
5

6.
6

6.
9

6.
7

6.
7

6.
9

6.
8

6.
8

6.
7

6.
6

6.
7

6.
8 - 6.
9

6.
9

7.
1

7.
3

7.
5

7.
7

7.
8

7.
8

7.
7

8.
0

8.
2

8.
2

8.
3

N
ov

em
be

r
-- -- - - 8.
4 -- - -- 8.
9

8.
9

8.
9

9.
0 - -- 9.
2

9.
4

9.
7

9.
7

9.
5

9.
1

9.
0

8.
9

8.
9

9.
1

9.
4

9.
6

9.
9

9.
9

10
.1

10
.2



Ta
bl

e 
24

. 
D

ai
ly

 m
ea

n 
di

ss
ol

ve
d 

ox
yg

en
, D

el
aw

ar
e 

R
iv

er
 a

t C
he

st
er

, P
a.

,
A

p
ri
l 

1
,1

9
9

7
, 

to
 N

o
ve

m
b
e
r 

30
, 

19
97

 
[A

ll 
va

lu
es

 in
 m

illi
gr

am
s 

pe
r l

ite
r; 

M
on

ito
r w

as
 n

ot
 in

 o
pe

ra
tio

n 
D

ec
em

be
r 

1,
19

96
 to

 M
ar

ch
 3

1,
19

97
; -

-, 
m

is
si

ng
 d

at
a]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Ap
ril

10
.3

10
.3

10
.3

10
.2

10
.2

10
.1

10
.2

10
.3

10
.4

10
.7

10
.9

10
.8

10
.7

10
.9

11
.2

11
.5

11
.4

11
.2

11
.4

11
.7

11
.8

11
.5

11
.1

10
.7

10
.6

10
.5

10
.4

10
.0

9.
8

10
.0

M
ay

9.
9

9.
9

9.
6

9.
3

9.
4

9.
2

8.
9

8.
5

8.
8 - - - - - - 10
.7

10
.7

10
.8

10
.8

10
.5

10
.3

10
.4

10
.3

10
.2

9.
7

8.
9

8.
8

8.
5

7.
9

7.
4

7.
0

Ju
ne

 
1 

Ju
ly

6.
5 

5.
5

6.
4 

5.1
6.

8 
4.

7

6.
8 

4.
6

6.
4 

4.
5

6.
2 

4.
5

6.
2 

4.
6

6.
2 

4.
7

6.
2 

4.
8

6.
1 

4.
9

6.
0 

4.
9

5.
8 

4.
7

5.
9

5.
8

6.
1 ..

6.
0

6.
0

6.
1

6.
0 

6.
4

6.
0 

6.
6

6.
1 

6.
1

6.
0 

5.
6

5.
9 

5.
6

5.
8 

5.
6

5.
7 

5.
1

5.
7 

4.
9

5.
6 

5.
0

5.
6 

5.
7

5.
5 

6.
6

7.
0

A
ug

us
t

7.
1

7.
1

7.
0

6.
6

6.
2

6.
0

6.
1

6.
2

6.
5

6.
7

6.
9

6.
6

6.
8

6.
7

6.
6

6.
4

6.
1

5.
4

5.
2

5.
1

5.
0

4.
5

4.
6

4.
9

5.
0

5.
2

5.
4 - 6.
0

6.
1

6.
3

Se
pt

em
be

r
6.

4
6.

3
6.

1
6.

6
7.1 7.

4

7.
6

7.
9

7.
4

6.
7

6.
7

6.
4

5.
8

5.
6

5.
7

5.
8

5.
9

6.
1

6.
2

6.
4

6.
4

6.
7

6.
8

6.
5

6.
8

6.
8

6.
8

7.
1

7.
1

7.
5

O
ct

ob
er

7.
6

7.
9

8.
2

8.
0

7.
8 - - - 6.
0

6.
0

6.
1

6.
2

6.
3

6.
4

6.
4

6.
6

6.
6

6.
6

6.
7

6.
9

7.
0

7.
1

7.
3

7.
5

7.
7

7.
8

8.
1

8.
1

7.
8

7.
2

7.
2

N
ov

em
be

r
7.

3
7.

4
7.

3

6.
9

6.
6

6.
5

6.
6

6.
5

7.
0 -- - -- -- 8.
4

8.
6

8.
7

8.
9

9.
1

9.
2 - -- 9.
3

9.
0

9.
1

9.
3

9.
6 -- - -- --



Section IV 

APPENDIXES



86



Appendix A. 

NO. 97-2

A RESOLUTION to consider a request to alter reservoir releases from New York City's 
Pepacton Reservoir for flood protection purposes.

WHEREAS, the City has always indicated a willingness to address basinwide concerns 
consistent with the efficient operation of its water supply system; and

WHEREAS, congressmen, state representatives, local officials, the Upper Delaware 
Council (UDC) and citizens downstream of some of New York City's reservoirs have urged 
the City of New York (the "City") and the State of New York (the "State") to alter its 
wintertime water releases from some of the City's reservoirs for flood control purposes; and

WHEREAS, on May 2, 1996, the UDC and various local representatives of 
communities within the City's watershed wrote a letter to the Delaware River Basin 
Commission (DRBC) requesting DRBC to study additional wintertime releases from some of 
the City's reservoirs for flood control purposes; and

WHEREAS, in an effort to investigate this issue, DRBC's Flow Management Advisory 
Committee convened over the past several months to examine existing and forecasted 
hydrologic conditions as well as current water levels in the City's reservoirs; and

WHEREAS, based upon DRBC's Flow Management Advisory Committee and the 
City's rational and adequate study of these issues, DRBC's and the City's analysis of these 
exceptional circumstances has. revealed that lowering water levels in the Pepacton Reservoir 
through additional water releases from such reservoir is a reasonable and appropriate means 
and method to reduce the potential impact of flood damage in the spring of 1997 downstream 
of the reservoir; and

WHEREAS, DRBC has noted that the water level in the Pepacton Reservoir - which is 
currently at 99 percent of capacity - is unprecedently high for this time of the year and 
additional rainfall may cause flooding conditions downstream; and

WHEREAS, based upon these extreme hydrologic conditions, on January 22, 1997, 
DRBC has urged the parties of the 1954 Supreme Court Decree, the River Master and the City 
to currently alter its reservoir releases from the City's Pepacton Reservoir to reduce the overall 
amount of water currently stored in such reservoir and thereby address DRBC's and local 
watershed communities' flooding concerns; and

WHEREAS, the Parties to the 1954 Supreme Court Decree, DRBC, the River Master 
and the City have agreed to cooperate during this unprecedented hydrologic winter and to 
offset (replace) any loss of available water supply that is attributed to the lowering of storage 
levels for possible flood protection by equal reduction in the quantity available for excess 
releases in the summer of 1997; and
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RESOLUTION NO. 97-2 Page 2

WHEREAS, the Parties to the 1954 Supreme Court Decree, DRBC, the River Master 
and the City agree that immediate action is needed on this matter in order to protect public 
health, safety and welfare.

BE IT RESOLVED by the Delaware River Basin Commission:

The DRBC recommends that the City proceed immediately to lower the storage levels 
in the Pepacton Reservoir in an effort to provide potential flood storage in accordance with the 
following provisions:

(1) The rate of lowering releases shall be established daily by the Executive Director in 
consultation with the City and the River Master. The River Master will direct the 
recommended releases in such a manner as to conserve the waters of the Delaware 
Basin and to avoid adverse downstream impacts.

(2) When the storage level in Pepacton is 5 billion gallons below full, the releases shall 
be operated as necessary to maintain that level as practically as possible during the 
month of February 1997.

(3) During March 1997, if conditions allow, the Pepacton Reservoir shall be allowed to 
refill by April 1, 1997.

(4) The computations to determine the extent of excess release quantity to be credited 
to the City will be done by the River Master in consultation with the City and 
DRBC and will include the operation of Cannonsville, Pepacton, and Neversink 
Reservoirs.

(5) The Parties to this Agreement agree to offset (replace) any loss of available water 
supply that is attributed to the lowering of storage levels pursuant to this Resolution 
for possible flood protection by equal reduction in the quantity available for excess 
releases in the summer of 1997.

(6) The Parties to this Resolution agree that any releases made pursuant to this 
Resolution, due to the exceptional existing hydrologic conditions, are not a part of 
any regular release program and shall not be considered as a precedent for any 
future releases and/or actions.

/s/ Gerard L. Esposito_________
Gerard L. Esposito, Chairman pro tern

/s/ Susan M. Weisman________ 
Susan M. Weisman, Secretary
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Consent to Action by 

Delaware River Basin Commission

Consent of the parties to the U.S. Supreme Court Decree in New Jersey vs. 

New York. 347 U.S. 995 (1954) to- the action of the Delaware River Basin 

Commission in adopting Resolution No. 97-2 recommending temporary alteration 

of reservoir releases from New York City's Pepacton Reservoir for flood protection

purposes.

State of New Jersey ' State of New York

Commonwealth of Pennsylvania

City of Ne^ York /
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Appendix B.

AGREEMENT TO SET ASIDE THE REMAINDER OF THE EXCESS-RELEASE 
QUANTITY FOR THE 1997-98 SEASONAL PERIOD.

In light of the below average precipitation that has occurred in the upper Delaware River 
Basin during the past few months, runoff has been well below average and the current storage in 
the New York City reservoirs is below average for this time of year. In addition, the Delaware 
River Master's directed releases for 1997 have been above average. Current storage in the New 
York City Delaware River Basin reservoirs is about 41 billion gallons above the drought-warning 
level and is about 26 billion gallons below the median storage for this time of year. Continuation 
of the current hydrologic conditions could result in reaching drought-warning levels in the Dela 
ware River Basin reservoirs by late summer or early fall of 1997.

Therefore, in order to conserve the waters of the Delaware River Basin, the remainder of 
the excess-release quantity for the 1997-98 seasonal period will be set aside and placed in an 
"Excess-Release Bank". The excess-release bank will be used during normal storage conditions, 
if needed, to provide lower basin drought-assistance releases, as designed by the Delaware River 
Basin Commission and pursuant to the Delaware River Master's direction, per the Lower Basin 
Drought-Warning and Drought Operating Plan [DRBC Resolution 88-22 (Revised)]. In addition 
the Delaware River Master will continue to use the +/- 100 cfs balancing adjustment while 
designing the releases to meet the 1,750 cfs Montague flow objective.

These modifications will take effect immediately and will continue until modified by 
unanimous agreement by the Parties to the Decree or terminated by any one of the Parties.

/S/ Robert R. Jordan________8/8/97 /S/ Steven Nieswand______8/7/97 
State of Delaware Date State of New Jersey Date

/S/ N.G. Kaul____________8/8/97 /S/ Irene B. Brooks______8/18/97 
State of New York Date Commonwealth of Pennsylvania Date

/S/ Mark D. Hoffer____;____8/7/97 
City of New York Date

Note: Original signatures are on file in the Delaware River Master Office.

90



Appendix C.

AGREEMENT

The Parties to the U.S. Supreme Court Decree met October 22,1997, pursuant to the Del 
aware River Basin Commission Resolution No. 83-13, to consider modification of current diver 
sions to New York City and New Jersey, releases from the New York City reservoirs, and target 
flows at the Montague and Trenton gaging stations.

The modifications agreed to were:

1. Establishment of an emergency fisheries protection program designed to allow 
special stream releases designed by the NYSDEC within the terms specified by 
this Agreement as requested and specified in Section (d). The emergency program 
includes the following provisions:

a. There will be no net loss of storage in the New York City Delaware River- 
Basin Reservoirs.

b. The maximum use of 3,000 cfs-days (cubic feet per second-days) will be 
made available through reductions in releases required to meet the Mon 
tague target. There must be a positive cumulative credit from New York 
City Delaware Basin reservoir releases at any time special stream releases 
are made pursuant to this agreement.

c. The credits from releases required for Montague targets may occur at the 
following rates:

When Trenton flow equals Allowed credit reduction in 
or exceeds directed releases

3500 cfs 100 cfs 

3300 cfs 50 cfs

d. The term of this emergency program begins immediately and continues
until one of the NYC Delaware reservoirs spills, or when all summer basic 
conservation releases are restored in accordance with Docket No. D-77-20 
(Revision 3).

e. The release rates under this program shall not exceed the summer basic 
conservation level as established in Docket No. D-77-20 (Revision 3). 
(15 cfs at Neversink, 19 cfs at Pepacton, 23 cfs at Cannonsville). The 
cumulative releases shall at no time exceed the credits established under 
"c" above.
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f. The operation of this emergency program will be designed by NYSDEC 
upon a continuing showing of need for these extra releases; and will be 
coordinated with the River Master and New York City. DRBC will be 
informed of the River Master's directed release each day when it is com 
puted. The River Master's office will maintain the ongoing accounting for 
credits and releases, embodied in this agreement.

g. For purposes of defining drought conditions as per the operation curves for 
NYC reservoirs embodied in DRBC Resolution 83-13, the usable storage 
hi the NYC Delaware basin reservoirs shall be reduced by the cumulative 
unexpended credits.

h. The parties to this agreement will reconvene as needed by meeting or tele 
phone call to reconsider these arrangements should any party request it.

i. This agreement will take effect immediately upon entry into drought warn 
ing and will continue until conditions described hi "d" are met or modified 
by unanimous agreement of the Parties to the Decree or terminated by any 
one of these Parties, but in any case to be terminated automatically on June 
15, 1998.

/S/ Robert R. Jordan 10/24/97
/S/ Gerard L. Esposito 10/22/97 /S/ Steven Nieswand_____10/22/97
State of Delaware Date State of New Jersey Date

/S/ John Middelkoop 10/22/97 /S/ Irene B. Brooks______10/22/97 
State of New York Date Commonwealth of Pennsylvania Date

/S/ William N. Stasiuk 10/22/97 
City of New York Date

Note: Original signatures are on file in the Delaware River Master Office.
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Appendix D.

AGREEMENT

The Parties to the U.S. Supreme Court Decree agreed on November 18,1997 to modify 
the agreement reached on October 22, 1997, pursuant to the Delaware River Basin Commission 
Resolution No. 83-13, to consider modification of current diversions to New York City and New 
Jersey, releases from the New York City reservoirs, and target flows at the Montague and Trenton 
gaging stations.

The modified agreement is as follows:

1. Establishment of an emergency fisheries protection program designed to allow 
special stream releases designed by the NYSDEC within the terms specified by 
this Agreement as requested and specified in Section (d). The emergency program 
includes the following provisions:

a. There will be no net loss of storage in the New York City Delaware River 
Basin Reservoirs.

b. The maximum use of 3,000 cfs-days (cubic feet per second-days) will be 
made available through reductions in releases required to meet the Mon 
tague target.

c. The credits from releases required for Montague targets may occur at the 
following rates:

When Trenton flow equals Allowed credit reduction in 
or exceeds directed releases

3500 cfs 100 cfs 

3300 cfs 50 cfs

d. The term of this emergency program begins immediately and continues
until one of the NYC Delaware reservoirs spills, or when all summer basic 
conservation releases are restored in accordance with Docket No. D-77-20 
(Revision 3).

e. The release rates under this program shall not exceed the summer basic 
conservation level as established in Docket No. D-77-20 (Revision 3). 
(15 cfs at Neversink, 19 cfs at Pepacton, 23 cfs at Cannonsville). Special 
stream releases will be suspended if the combined storage in the Delaware 
River Basin reservoirs declines below the midpoint of the drought-warning 
zone and will remain suspended until the storage increases above that level 
again.
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f. The operation of this emergency program will be designed by NYSDEC 
upon a continuing showing of need for these extra releases; and will be 
coordinated with the River Master and New York City. DRBC will be 
informed of the River Master's directed release each day when it is com 
puted. The River Master's office will maintain the ongoing accounting for 
credits and releases, embodied in this agreement.

g. For purposes of defining drought conditions as per the operation curves for 
NYC reservoirs embodied in DRBC Resolution 83-13, the usable storage 
in the NYC Delaware basin reservoirs shall be reduced by the cumulative 
unexpended credits.

h. The parties to this agreement will reconvene as needed by meeting or tele 
phone call to reconsider these arrangements should any party request it.

*

i. This agreement will take effect immediately upon entry into drought warn 
ing and will continue until conditions described in "d" are met or modified 
by unanimous agreement of the Parties to the Decree or terminated by any 
one of these Parties, but in any case to be terminated automatically on June 
15, 1998.

/S/ Stephanie J. Baxter 11/18/97 
/S/ Gerard L. Esposito 11/19/97
State of Delaware

/S/ Steven Nieswand 11/19/97
Date State of New Jersey Date

/S/ John Middelkoop 11/19/97
State of New York

/S/ Irene B. Brooks 11/19/97
Date Commonwealth of Pennsylvania Date

/S/ Mark D. Hoffer 11/19/97
City of New York Date 

Note: Original Signatures are on file in the Delaware River Master Office.

&U.S. GOVERNMENT PRINTING OFFICE: 2000 504-617
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